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PREFAOE. 


Giuaspib's  "  Laud-Siirveying  "  was  first  printed  in  1851,  for 
nse  ID  Professor  Gillespie's  classes  in  Union  College.  It  was 
pnblished  in  1855,  and  very  soon  became  the  standard  authority 
on  land-Burreying. 

In  the  preface  to  the  first  edition  Professor  Gillespie  says : 

"  Land-snrveying  is  perhaps  the  oldest  of  the  mathematical 
arts.  Indeed,  geometry  itself,  as  its  name — 'land-measuring' 
— ^implies,  is  said  to  hare  arisen  from  the  efforts  of  the  Egyp- 
tian sages  to  recover  and  to  fix  the  landmarks  annually  swept 
away  by  the  inundations  of  the  Nile.  The  art  is  also  one  of 
the  most  important  at  the  present  day,  as  determining  the  title 
to  land,  the  foundation  of  the  whole  wealth  of  the  world.  It 
is,  besides,  one  of  the  most  useful  as  a  study,  from  its  striking 
exemplifications  of  the  practical  bearings  of  abstract  mathemat- 
ics. But,  strangely  enough,  surveying  has  never  yet  been  re- 
duced to  a  systematic  and  symmetric  whole.  To  effect  this,  by 
basing  the  art  on  a  few  simple  principles  and  tracing  them 
out  into  their  complicated  ramifications  and  varied  applications 
(which  extend  from  the  measnrement  of  '  a  mowing  -  lot '  to 
that  of  the  heavens),  has  been  the  earnest  endeavor  of  the 
present  writer. 

"  The  work,  in  its  inception,  grew  ont  of  the  author's  own 
needs.  Teaching  surveying,  as  preliminary  to  a  course  of  civil 
engineering,  he  found  none  of  the  books  in  use  (though  very 
excellent  in  many  respects)  snited  to  his  purpose.  He  was, 
therefore,  compelled  to  teach  the  subject  by  a  combination  of 
familiar  lectures  on  its  principles  and  exemplifications  of  its 
practice.  Bis  notes  continually  swelling  in  bulk,  gradually  be- 
came systematized  in  nearly  their  present  form.  His  system  has 
thus  been  fully  tested,  and  the  present  volume  is  the  result 
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"  A  double  object  liaa  been  kept  in  view  in  its  preparation : 
viz.,  to  produce  &  very  plain  introduction  to  the  subject,  easy  to 
be  mastered  by  tlie  young  scholar  or  the  practical  man  of  little 
previone  acquirement,  the  only  prerequisites  being  arithmetic 
and  a  little  geometry  ;  and  at  the  same  time  to  make  the  instruc- 
tion of  SQch  a  character  as  to  lay  a  foundation  broad  enough  and 
deep  enough  for  the  most  complete  superstructure  which  the 
professional  student  may  subsequently  wish  to  raise  upon  it." 

In  the  preface  to  the  "  Land-Surveying,"  Professor  Gillespie 
announced  that  another  volume,  on  "  Leveling  and  Higher  Sur- 
veying," was  to  follow.  This  work  was,  at  the  time  of  his  death 
in  1868,  unfinished.  It  was  completed  by  the  writer  and  pnb- 
lished  in  1870. 

The  two  volumes,  "  Land-Surveying "  and  "  Leveling  and 
Higher  Surveying,"  were  revised  and  united  in  one  volume 
in  1887. 

The  rapid  development  of  technical  schools,  and  the  demand 
for  a  more  complete  treatment  of  higher  surveying  for  the  use 
of  students,  have  made  it  necessary  to  considerably  enlarge  the 
more  advanced  part  of  the  work.  As  this  will  very  much  in- 
crease the  size  of  the  book,  and  as  this  advanced  work  is  not 
needed  in  the  preparatory  schools,  and  in  colleges  where  only  a 
limited  amount  of  surveying  is  taught,  it  has  been  deemed  beat 
to  publish  the  work  in  two  separate  parts.  Part  I — plane  sur- 
veying— will  include  land-surveying  and  direct  leveling;  and 
Part  II — higher  surveying — will  inolade  triangular  sorveying, 
geodesy,  trigonometric  leveling,  barometric  leveling,  and  precise 
leveling,  topography,  field  astronomy,  hydrographical  surveying, 
mining  surveying,  city  surveying,  and  other  special  topics. 

By  this  arrangement  those  who  desire  only  the  land-snrvey- 
ing  and  direct  leveling  can  have  it  separately,  and  those  who 
wish  to  include  the  more  advanced  work  can  add  Part  II. 

The  best  authorities  have  been  consulted  in  order  to  render 
the  work  as  reliable  as  possible. 

The  writer  is  under  obligations  to  many  friends  for  assistance 
in  the  work  of  revision.     Tbeir  names  will  be  noted  in  connec- 
tion with  their  contributions.  Cadt  Stalky. 
Case  School  op  Appubd  Science, 

Clbvblahd,  Ohio,  Ifooember,  1S9&. 
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PART  I. 
LAND-SURVEYING. 


CHAPTER  I. 

OBNBSAL   FBiyCIPLSS  AKD  FUNDAMENTAL   OPXBATIOira. 

SRFnniiovs  avs  kbthoims. 

1.  SiTBTETiNO  IB  the  art  of  makiog  each  measnremeiits  as  will 
determine  the  relative  positioDs  of  any  points  on  the  Borface  of  the 
earth  ;  bo  that  a  Map  of  any  portion  of  that  aurface  may  be  drawn, 
and  ite  Content  calculated. 

8.  The  position  of  a  point  is  said  to  be  determined,  when  it  is 
known  bow  far  that  point  is  from  one  or  more  given  points,  and 
in  what  direction  therefrom ;  or  faow  far  it  is  in  front  of  them  or 
behind  them,  and  how  far  to  their  right  or  to  their  left,  ete. ;  so 
that  the  place  of  the  first  point,  if  lost,  conld  be  sgun  fonnd  by 
repeating  these  meaenrements  in  the  contrary  direction. 

The  "  points  "  which  are  to  be  determined  in  Sarreying  are  not 
the  mathematical  points  treated  of  in  Geometry,  bat  the  comers 
of  fences,  boundary  stones,  trees,  and  the  like,  which  are  mere 
points  in  comparison  with  the  extensive  sarfaoea  and  areas  which 
they  are  the  means  of  determining.  In  etrictnees,  their  centers 
shonld  be  regarded  as  the  points  allnded  to. 

A  straight  Line  is  "determined,"  that  is,  has  its  length  and 
its  position  known  and  fixed,  when  the  points  at  its  extremities 
are  determined  ;  and  a  plane  Surface  has  its  form  and  dimensions 
determined  when  the  lines  which  bonnd  it  are  determined.  Con- 
sequently, the  determination  of  the  relative  positions  of  points  is 
all  that  is  necessary  for  the  principal  objecta  of  Surveying  ;  which 


^dbvGoo^^lc 


3  LAKD-SURVETmO. 

are  to  make  a  map  of  aoy  surface,  sach  as  a  field,  farm.  State,  et«., 
and  to  calculate  its  content  in  square  feet,  acres,  or  square  miles. 
The  former  ia  an  application  of  Drafting,  the  latter  of  Mensaration. 
The  position  of  s  point  may  be  determined  by  a  Tariety  of 
methoda.  Those  most  frequently  employed  in  Surveying  are  the 
following — all  the  points  being  snpposed  to  be  in  the  same  plane  : 

S.  Tint  Kethod.  By  meaturing  the  distances  from  the  required 
point  to  two  given  points. 

Tboe,  in  Fig.  1,  the  point  S  is  "detennined,"  if  it  is  known  to 

Fia.  1.  be  one  inch  from  A,  and  half  an  inch  from 

,?^  B ;  for  its  place,  if  lost,  could  be  foand  by 

_.--'''        '■        describing  two  arcs  of  circles,  from  A  and  B 

^^y^ \      as  centers,  and  with  the  given  distances aa 

radii.  The  required  point  wonld  be  at  the 
intersection  of  these  arcs. 

In  applying  this  principle  in  surveying,  S  may  represent  luiy 
station,  such  as  a  comer  of  a  field,  an  angle  of  a  fence,  a  tree,  a 
honse,  etc.  If,  then,  one  corner  of  a  field  be  100  feet  from  a  second 
oori)er,  and  SO  feet  from  a  third,  the  place  of  the  first  comer  is 
known  and  determined  with  reference  to  the  other  two. 

There  will  be  two  points  fulfilling  this  condition,  one  on  each 
side  of  the  given  line,  but  it  will  always  be  known  which  of  them 
is  the  one  desired. 

In  Geography,  this  principle  is  employed  to  indicate  the  po- 
sition of  a  town  ;  as  when  we  say  that  BnSalo  is  distant  (in  a 
straight  line)  295  miles  from  New  York,  and  390  from  Cincinnati, 
and  thns  convey  to  a  stranger  acquainted  with  only  the  last  two 
places  a  correct  idea  of  the  position  of  the  first. 

In  Analytical  Geometry,  the  lines  A  S  and  B  S  are  known  as 
"Focal  Co-ordinates,"  the  general  name  "co-ordinates"  being  ap- 
plied to  the  lines  or  angles  which  determine  the  position  of  a  point. 

4.  Seoond  Kethod.  By  measuring  the  perpendicular  distance 
from  the  required  point  to  a  given  line,  and  the  distance  thence 
atong  the  line  to  a  given  point. 

Thus,  in  Fig.  2,  if  the  perpendicular  distance  S  C  be  half  an 
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inch,  and  0  A  be  one  inch,  the  point  S  is  "  determined  "  ;  for  ito 
place  conld  be  again  tonnd  by  meaenring  one  inch  from  A  to  0, 
and  halt  an  inch  from  C,  at  right  uigles  to  no.  a.  gp 

AC,  which  wonld  fix  the  point  8.  j 

The  public   lands  of  the  United  States  j 

are  laid  oat  by  thia  method,  as  will  be  ex-  ! 

plained  in  Chapter  VII.  *  C 

In  Geography,  this  principle  ia  employed  ander  the  name  of 
[attitude  and  Longitude. 

Thos,  Philadelphia  is  one  degree  and  fifty-two  minutes  of  lon- 
gitude east  of  Washington,  uid  one  degree  and  three  minutes  of 
latitude  north  of  it. 

In  Anaiyiical  Qeometry,  the  lines  A  C  and  C  S  are  known  as 
'•Rectangular  Co-ordinates."  The  point  is  there  regarded  as  de- 
termined by  the  intersection  of  two  lines,  drawn  parallel  to  two 
fixed  lines,  or  "Axes,"  and  at  a  given  distance  from  them.  These 
Axes,  ia  the  present  figure,  would  be  the  line  A  C,  and  another 
line,  perpendicular  to  it  and  paasiug  through  A,  as  the  origin. 

6.  TUid  Hethod.     By  measuring   the   angle  between  a  given 

line  and  a  line  drawn  from  any  given  point 

Sq  of  it  to  the  required  point;  and  alto  the 

,.--■'  length  of  this  latter  line. 

^.■■'''  Thus,  in  Fig.  3,  if  we  hnow  the  angle 

f^^ B     B AS  to  be  a  third  of  a  right  angle,  and 

AS  to  be  one  inch,  the  point  S  is  deter- 
mined ;  for  its  place  could  be  found  by  drawing  from  A,  a  line 
making  the  given  angle  with  AB,  and  measuring  on  it  the  given 
distance. 

In  applying  this  principle  in  surveying,  S,  as  before,  may  rep- 
resent any  station,  and  the  line  A  B  may  be  a  fence,  or  any  other 
real  or  imaginary  line. 

In  "  Compass  Surveying,"  it  is  a  north-and-sonth  line,  the 
direction  of  which  ia  given  by  the  magnetic  needle  of  the  compass. 
In  Geography,  this  principle  is  employed  to  determine  the  rela- 
tive positions  of  places,  by  "  bearings  and  distances  " ;  as  when 
we  Bay  that  San  Francisco  is  1,750  miles  nearly  due  west  from  St. 
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4  LAirD-SURVEYINO. 

Loaia  ;  tlie  word  "  weet "  iodicsting  the  direction,  or  angle  wfaiob 
the  line  joining  the  two  places  makes  with  a  north-and-sooth  line, 
and  the  nnmber  of  miles  giving  the  length  of  that  line. 

In  Analytical  Geometry,  the  line  AS,  and  the  angle  B  AS,  are 
called  "  Polar  Co-ordinates." 

6.  Fourth  Method.  By  nuasuring  the  angles  made  with  a 
given  line  by  itoo  other  lines  starting  from  given  points  upon  it, 

and  passing  through  the  required  point. 
S  ThoB,  in  Fig.  4,  the  point  S  is  deter- 

mined by  being  in  the  intersection  of  the 
two  lines  A  S  and  B  S,  which  make  respect- 
-A  ively  angles  of  a  half  and  of  a  third  of  a 
right  angle  with  the  line  A  B,  which  ia  one 
inoh  long ;  for  the  place  of  the  point  coald  be  fonnd,  if  lost,  by 
drawing  from  A  and  B  lines  making  with  A  B  the  known  angles. 
In  Qeography,  we  might  thos  fix  the  position  of  St  LoniB,  by 
saying  it  lay  nearly  due  north  from  New  Orleans,  and  due  west 
from  Washington. 

Id  Analytical  Geometry,  these  two  angles  would  be  called 
"Angular  Co-ordinates." 

7.  In  Fig.  6  are  shown  together  all  the  measnrementB  neces- 
sary for  determining  the  same  point  S,  by  each  of  the  fonr  pre- 
ceding methods.     In  the  First  Method, 

y,  e  meaanre  the  distances  A  S  and  B  S  ;  in 
the  Second  Method,  the  distances  A  C  and 
C  S,  the  latter  at  right  angles  to  the 
'ormer ;  in  tbe  Utird  Method,  the  dis- 
tance A  S,  and  the  angle  SAB;  and,  in 

tbe  Fourth  Method,  the  angles  SAB  and  S  B  A.  In  all  these 
methods  the  point  is  really  determined  by  the  intersection  of  two 
lines,  either  straight  lines  or  arcs  of  circles.  Thus,  in  the  First 
Method,  it  is  determined  by  the  intersection  of  two  circles ;  in 
the  Second,  by  the  intersection  of  two  straight  lines ;  in  ihe 
Third,  by  the  intersection  of  a  straight  line  and  a  circle  ;  and,  in 
the  Fonrth,  by  tbe  intersection  of  two  straight  lines. 
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DEFINITIONS  AND  METHODS.  K 

8,  Fiftb  llathod.  By  metuuring  the  angles  made  with  each 
other  by  three  lines  of  sight  passing  from  the  required  point  to 
three  points  whose  positions  are  knotim. 

ThoB,  in  Fig.  6,  the  point  S  is  determined  bj  the  angles  A  S  B 
and  B  S  0,  made  by  the  three  lines  8  A, 
SB,  and  SO. 

Geographically,  the  position  of  Chi- 
cago wonld  be  determined  by  three  straight 
lines  paseing  from  it  to  Waehington,  OiQ> 
cinnati,  and  Mobile,  and  making  known 
angles  with  each  other ;  that  of  the  first 
and  second  lines  being  about  one  third, 
and  that  of  the  second  and  third  lines,  about  one  half  of  a  right 


From  the  three  lines  employed,  tbis  may  be  named  the  Method 
of  TW/tneor  Gt-ordinates. 


9.  The  position  of  a  point  is   sometimes   determined  by  the 
intersection  of  two  lines,  which  are  themselTes  determined  by  their 
_     _  extremities  being  giyen.     Thns,  in  Pig.  7, 

the  point  S  is  determined  by  its  being  sit- 
uated in  the  intersection  of  A  B  and  C  D. 
This  method  is  sometimes  employed  to  fix 
,  the  position  of  a  station  on  a  railroad  line, 
etc.,  when  it  ooonrs  In  a  place  where  a 
stake  can  not  be  driTen,  such  as  in  a  pond, 
and  in  a  few  other  cases,  hat  is  not  used  frequently  enough  to 
require  that  it  shoald  be  called  a  sixth  principle  of  Sorreying. 


10.  These  five  methods  of  determining  the  poaitioiiB  of  points 
produce  five  corresponding  systems  of  Sarreying,  which  may  be 
Buned  aa  follows : 

L  Diagonal  Sdbvbting. 

IL    PeSPENDIOCLAB  SUETSTINa 
HI.    POLAB  SaBTETINO. 
IV.    TrIANQULAB  SUBTETINO. 

V.    TbILINEAB   SUBTEYINO. 
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The  abore  diTJdon  of  SnTTejiiig  has  been  made  in  hannonj 
vith  the  principles  iDTolved  and  the  methods  employed. 

The  snt^ect  is,  however,  sometimes  divided  with  reference  to 
tiie  instruments  emplojred ;  aa  the  chain,  either  alone  or  with 
crD«-«taff ;  tbe  compass ;  the  tnndt  or  theodolite ;  the  sextant ; 
the  plane-table,  etc 

11.  SorveTiDg  may  also  be  divided  according  to  its  objects. 
In  Land  SurreyiDg,  tbe  content,  in  acres,  etc.,  of  the  tract 

snireyed,  is  nsoall;  the  principal  object  of  the  sarrey.  A  map, 
showing  the  shape  of  the  property,  may  also  be  reqnired.  Certain 
stgns  on  it  may  indicate  the  different  iiindB  of  coltDre,  etc.  This 
land  may  also  be  required  to  be  divided  up  in  certain  proportions ; 
and  tbe  lines  of  division  may  also  be  reqaired  to  be  set  ont  on  the 
gronnd.  One  or  all  of  these  objects  may  be  demanded  in  Land 
Bnrveying. 

In  Topographical  Surveying,  the  measnremeot  and  graphical 
representation  of  the  inequalities  of  the  ground,  or  its  "relief," 
L  e.,  its  hills  and  bollowe,  as  determined  by  tbe  art  of  "Level- 
ling," is  the  leading  object. 

In  Maritime  or  Hydrograpkicdi  Surveying,  the  positions  of 
rocks,  shoale,  and  channels  are  the  chief  snbjects  of  examination. 

In  Mining  Surveying,  the  directions  and  dimensions  of  tbe 
subterranean  passages  of  mines  aie  to  be  determined. 

12,  Surveying  may  also  be  divided  according  to  the  extent  of 
the  district  surveyed  into  Plane  and  Geodesic  Geodesy  takes  into 
account  the  curvature  of  the  earth,  and  employs  Spherical  Trigo- 
nometry. Plane  Surveying  disregards  this  curvature,  as  a  need- 
less refinement  except  in  very  extensive  surveys,  sncb  as  those  of  a 
State,  and  considers  the  surface  of  the  earth  as  plane,  which  may 
safely  be  done  in  surveys  of  moderate  extent. 

18.  In  all  the  methods  of  I^nd  Surveying,  there  are  three 
stages  of  operation : 

1.  Measuring  certain  lines  and  angles,  and  recording  them ; 
H.  Drawing  them  on  paper  to  some  suitable  scale  ; 
8.  Calculating  tbe  content  of  the  surface  surveyed. 
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HAEnrO  THE  HEA8UBBHXNT& 

1^  The  Measurements  which  are  required  iD  Surveyiag  ma; 
be  of  lines  or  of  auglcs,  or  of  both,  accordiug  to  the  Method  em- 
plojed.     Edch  will  be  snccessiTely  considered.  , 

Keasuring  Straight  Lines. 

16.  The  lines,  or  distances,  which  are  to  be  meaanred,  ma;  be 
either  aotnal  or  Tisual, 

Actual  lines  are  such  as  really  exist  on  the  enrfaoe  of  the  land 
to  be  snrveyed,  either  boanding  it,  or  crossing  it ;  such  as  fences, 
ditches,  roads,  streams,  etc. 

Visual  lines  are  im^nary  lines  of  sight,  either  temporarily 
measnred  on  the  ground,  anch  as  those  joining  opposite  comers  of 
a  field  ;  or  simply  indicated  by  stakes  at  their  extremities  or  othei^ 
wise.     If  long,  they  are  "  ranged  out "  by  methods  to  be  given. 

Lines   are  usually  Fia.  s. 

measnred  with  chains, 
tapes,  or  rods,  divided 
into  yards,  feet,  links, 
or  some  other  unit  of 


16.  Qonter'aChaln. 
This  is  the  measure 
most  commonly  osed 
in  I^nd  Surveying. 
It  is  66  feet,  or  4  rods 
long.*  Eighty  snob 
chains  make  one  mile. 

It  is  composed  of 
one  hundred  pieces  of 
iron  or  steel  wire,  or 
links,  each  bent  at  the  end  into  a  ring,  and  connected  with  the 

*  TbiB  length  >M  cboeen  (by  Hr.  Ednrd  Guoler)  bucause  10  gqiure  ahaiuB  of  S6 
fMt  nuke  one  acre,  and  the  computatioD  of  areas  U  thus  greatly  fHcilitaled.  For 
other  Borrejing  parpoeen,  particularly  for  railroad  worit,  ■  cbain  of  100  feet  1b  pret- 
•nble.  On  the  United  Slates  Ooast  and  Geodetic  Surrey  the  unit  ol  mtuuretnrat  Is 
Ihe  rrench  Mttre,  equal  to  S'2S1  feet  nearlr. 
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ring  at  the  end  of  the  next  piece  by  another  ring.  Sometimes  two 
or  three  rings  are  placed  between  the  links.  The  chain  ia  then  leea 
liable  to  twist  and  get  entangled  or  "kinked."  Two  or  more 
Bwirela  are  also  inserted  in  the  chain,  so  that  it  may  tnm  aroand 
without  twisting.  Every  tenth  link  is  marked  by  a  piece  of  brass, 
haying  one,  two,  three,  or  fonr  points,  corresponding  to  (he  number 
of  tens  which  it  marks,  counting  from  the  nearest  end  of  the  chain,* 
The  middle  or  fiftieth  link  is  marked  by  a  rooud  piece  of  brass. 

The  hundredth  part  of  a  chain  is  called  a  link.f  The  great 
advantage  of  this  is  that,  since  links  are  decimal  parts  of  a  ohain> 
they  may  be  so  written  down,  6  chains  and  43  links  being  6-43 
chains,  and  all  the  calcnlations  respecting  chains  and  links  can 
then  be  performed  by  the  common  rules  of  decimal  arithmetio. 
Each  link  is  7-93  inches  long,  being  =  66  X  13  -i-  100. 

The  following  table  wiU  be  fonnd  convenient : 


OHAIBS  INTO  FEBT. 

FKST  INTO  UNXS. 

a^ 

F«t. 

100 

F-t. 

F«t. 

Link*. 
O-IO 

rwt 

UnkL 

0-01 

60 

010 

10 

lB-2 

18! 

0-20 

0-80 

11 

22'7 

COB 

1-88 

8- 

19f 

0-26 

0'S8 

2( 

30-8 

0-0* 

9-64 

4- 

2«H 

0-80 

0-40 

21 

37-9 

0-06 

3-30 

5- 

S8< 

0-40 

0-80 

8( 

4fl4 

O'oe 

6- 

391 

0-BO 

0-78 

Si 

00-0 

007 

0-60 

0-81 

31 

68-0 

0-08 

0-28 

8- 

02t 

0-70 

1-06 

V. 

60-6 

009 

e-et 

BM 

0-70 

MS 

41 

88-8 

0-10 

660 

10- 

660 

0-eo 

0-90 

1-21 
1-86 

60 
60 

76-8 
SS'S 

020 

18-20 

20- 

isac 

100 

I '82 

et 

eo-9 

0-80 

lB-80 

80- 

198(1 

a- 

SO 

6t 

98-6 

0-40 

26-40 

40- 

2e4C 

3- 

4-6 

7( 

108-1 

0-50 

3300 

00- 

ssor 

4- 

6-1 

7f 

118-6 

0- 

8( 

121-8 

0-70 

46  20 

70- 

4S20 

6- 

91 

ee 

1288 

0-80 

S2-80 

80- 

B28(l 

7- 

10-6 

90 

186-4 

0-90 

90- 

6940 

12-1 

96 

1489 

1-00 

88-00 

100- 

6800- 

B- 

13-6 

IBI-B 

*  To  prevent  the  ver;  commoii  mistaVe  of  colling  fortj,  aiity ;  or  thlrt;,  eeivotj  % 
ithas  beoi  auggoted  to  make  tbe  11th,  2l9t,  Slat,  and  41at  UnlcH  of  frrau,  which 
would  at  once  ihow  on  which  side  of  the  middle  of  the  chain  was  the  doubtful  marie 
TblB  would  be  particularlj  usefal  in  Uining  Surreylng. 

t  This  must  not  be  confounded  with  the  pieoee  of  wire  which  have  the  niiie 
name,  Binoe  one  of  them  ie  shorter  than  the  "  link  "  used  in  calculatioD  b;  half  a  ring 
or  more,  according  to  the  waj  in  which  the  chain  ia  made. 
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To  redaoe  links  to  feet,  sabtract  from  the  namber  of  lioka  aa 
many  units  a«  it  contains  hundreds ;  mnltipl;  the  remainder  by  % 
and  diTide  by  3. 

To  reduce  feet  to  links,  add  to  the  given  number  half  of  itself,' 
and  add  one  for  each  hundred  (more  ezacUy,  for  each  ninety-nine) 
io  the  Boin. 

The  chain  is  liable  to  be  lengthened  by  its  rings  being  pnlled 
open,  and  to  be  shortened  by  its  links  being  bent  It  should 
therefore  be  freqaently  tested  by  a  carefally  measured  length  of 
66  feet,  set  out  by  a  standard  measure  on  a  flat  surface,  snoh  as  the 
top  of  a  wall,  or  on  smooth  level  ground  between  two  stakes,  their 
centers  being  marked  by  small  nails.  It  may  be  left  a  little  longer 
than  the  true  length,  since  it  can  seldom  be  stretched  so  aa  to  be 
perfectly  horizontal  and  not  bang  in  a  cnrre,  or  be  drawn  out  in 
a  perfectly  straight  liue.*  Distances  measured  with  a  perfectly 
accurate  chain  will  always  and  nnaToidably  be  recorded  as  longer 
than  they  really  are.  To  insure  the  chain  being  always  strained 
with  the  same  force,  a  spring,  like  that  of  a  spring-balance,  is 
sometimes  placed  between  one  handle  and  the  rest  of  the  chain. 

If  a  line  has  been  measured  with  an  incorrect  chain,  the  true 
length  of  the  line  will  be  obtained  by  multiplying  the  number  of 
chains  and  links  in  the  meaiiured  dietance  by  100,  and  dividing  by 
the  length  of  the  standard  distance,  as  given  by  measurement  of 
it  with  the  incorrect  chain.  The  proportion  here  employed  is 
this  :  As  the  length  of  the  standard  given  by  the  incorrect  chain 
M  to  the  true  length  of  the  standard,  go  is  the  length  of  the  line 
given  by  the  measurement  lo  the  true  length.  Thua,  suppose  that 
a  line  has  been  measnred  with  a  oertAin  chain,  and  found  by  it  to 
be  ten  chains  long,  and  that  the  chain  is  aft*!rward  found  to  have 
been  so  stretched  that  the  standard  distance  measured  by  it  appears 
to  be  only  99  links  long.  The  measured  line  is  therefore  longer 
than  it  had  been  thought  to  be,  and  its  true  length  is  obtained  by 
multiplying  10  by  100,  and  diTiding  by  99. 

•  The  chain  used  bj  the  Government  surrejora  of  France,  wbh*  n  tea  meuea, 
or  about  half  &  Qunter's  oh^n  In  tenf^h,  is  made  from  one  Sfth  to  two  firths  of  so 
indi  longer  than  the  standard.  An  InaociiracT  of  one  fiTC-hundradth  of  Hb  Imgtfa 
{=  I^  inch  on  a  Qnnler'e  diain)  in  i.he  utmost  allowed  not  to  vitiate  tbe  surrej. 
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17.  Fiiu.  Ten  iron  pins,  or  "  arrowB,"  usually  accomf>any  the 
cbaio.*  They  are  about  afoot  long,  and  are  made  of  etont  iron 
wire,  sharpened  at  one  end,  and  bent  into  a  ring  at  the  other. 
Pieces  of  red  and  white  oloth  shoald  be  tied  to  the'r  heads,  so  that 
they  can  be  easily  foond  in  graes,  dead  leaves,  etc. 

They  shoald  be  strung  on  a  ring,    which  has  a  spring-cstoh  to 

retain  them.     Their  asnal  form  is  shown  in  Fig.  S.    Fig.  10  shows 

another  form,  made  very  large,  and  therefore 

very  heary  near  the  point,  so  that,  when  held  by 

\%       \  I       the  top  and  dropped,  it  may  fall  Tertaoolly,    The 

nsea  of  this  will  be  seen  presently. 

On  irregnlar  groand,  two  stont  atakes,  about 
tix  feet  long,  are  needed  to  pat  the  forward 
chaia-maa  in  line,  and  to  enable  whichever  of 
the  two  is  lowest  to  raise  his  end  of  the  chain  in 
a  truly  vertical  line,  and  to  strain  the  ch^ 
straight. 

A  nnmber  of  long  and  slender  rods  are  also  necessary  for 
"ranging  out'    nuea  between  distant  points. 

18.  How  to  Chain.  Two  men  are  required — a  forward  chain- 
man  and  a  hind  chain-man,  or  leader  and  follower.  The  latt«r 
takes  the  handles  of  the  chiun  in  his  left  hand,  and  the  chain  itself 
in  his  right  hand,  and  throws  it  out  in  the  direction  in  which  it  is 
to  be  drawn.  The  former  takes  a  handle  of  the  chain  and  one  pin 
in  his  right  hand,  and  the  other  pins  (and  the  staff,  if  used),  in  his 
left  hand,  and  draws  out  the  chain.  The  follower  then  walks  be- 
side it,  examining  carefully  that  it  is  not  twisted  or  bent.  He 
then  returns  to  its  hinder  end,  which  he  holds  at  the  beginning  of 
the  line  to  be  measured,  pats  his  eye  exactly  over  it  and,  by  the 
words  "  Right,"  "  Left,"  directs  the  leader  how  to  put  his  staff, 
or  the  pin  which  he  holds  up,  "in  line,"  so  that  it  may  seem  to 
ooTer  and  hide  the  flag-staff,  or  other  object  at  the  end  of  the  line. 
The  leader  all  the  while  keeps  the  chain  tightly  stretched,  and  his 


*  Eleven  pins  Kre  ROmstinMe  iu«d.  one  being  of  brut.    Nine  of  iron,  with  four 
or  eight  of  brua,  m«7  »1bo  be  emplojed.    Their  uaea  ua  «^iUliicd  In  ArtklM  IS 
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end  of  it  touchiug  his  staB.  Every  time  he  mo?e8  the  chuD,  he 
shoald  straighten  it  by  aa  nudulating  shake.  When  the  staff  (or 
piD)  is  at  last  put  "in  line,"  the  follower  saj's  "Down."  The 
leader  then  pate  in  the  single  pin  precisely  at  the  end  of  the  chain, 
and  replies  "Down."  The  follower  then  (and  never  before  hear- 
ing this  signal  that  the  point  is  fixed)  loosens  his  end  of  the  chain, 
retaining  it  in  his  hand.  The  leader  draws  on  the  chain,  making 
a  step  to  one  side  of  the  pin  just  set,  to  avoid  dragging  it  out.  He 
should  keep  his  eye  steadily  on  the  object  ahead,  or,  in  a  hollow, 
shoald  line  himself  approximately  by  looking  back.  The  follower 
should  count  bis  steps,  so  as  to  know  where  to  look  for  the  pin  .n 
high  grass,  etc.  As  he  approaches  the  pin,  he  calls  "  Halt."  On 
reaching  it,  he  holds  the  handle  of  the  chain  against  it,  pressing 
his  knee  against  both  to  keep  the  pin  firm.  He  then,  with  bis  eye 
over  the  pin,  "lines"  the  leader  as  before.  When  the  "Down" 
has  been  again  called  by  the  follower,  and  answered  by  the  leader, 
the  former  palls  oat  the  pin  with  the  chain-hand,  and  carries  it  in 
his  other  hand,  and  they  go  on  as  before.*  The  operation  is  re- 
peated' till  the  leader  has  arrived  at  the  end  of  the  line,  or  has  pat 
down  all  his  pins. 

When  the  leader  has  pat  down  his  tenth  pin,  be  draws  on  the 
chain  its  length  farther,  and,  after  being  lined,  pats  his  foot  on 
the  handle  to  keep  it  firm,  and  calls  "  Tally."  The  follower  then 
drops  his  ecd  of  the  chain,  goes  up  to  the  leader  aud  gives  him 
back  all  the  pins,  both  counting  them  to  make  sure  that  none  have 
been  lost.  One  pin  is  then  pat  down  at  the  forward  end  of  the 
chain,  and  they  go  on  as  before. 

Some  sorveyors  cause  the  leader  to  call  "  tally "  at  the  tenth 
piu,  and  then  exchange  pins  ;  bnt  then  the  follower  has  only  the 
hole  made  by  the  pin,  or  some  other  indefinite  mark,  to  measttre 
from. 

Eleven  pins  arc  sometimes  preferred,  the  eleventh  being  of 
brass,  or  otherwise  different  from  the  rest,  and  being  used  to  mark 

•  When  *  chain's  leogth  wonid  end  in  a  ditch,  pool  »i  water,  etc.,  and  the  cbaio- 
men  kre  afrwd  of  vettin;;  thoir  feet,  thcj'  can  measure  pnrt  of  a  chain,  to  the  edge  of 
the  water,  then  stretch  the  ch^a  across  it,  and  thpn  measure  another  porUon  of  a 
eh^n,  M  that,  with  the  foimer  poftloQ,  it  maj  make  up  a  full  chain. 
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the  end  of  the  eleventh  chain  ;  another  being  subBtitnted  for  H 
before  the  leader  goes  on. 

The  two  chain-men  may  change  dntioa  at  each  change  of  pins, 
if  they  are  of  eqoal  bMU,  but  the  more  careful  and  intelligent  of 
two  laborers  shonld  generally  be  made  "follower." 

When  the  leader  reaches  the  end  of  the  line,  he  stops,  and 
holds  his  end  of  the  chain  against  it.  The  follower  drops  his  end 
and  counts  Qie  links  beyond  the  last  pin,  noting  carefully  on  which 
aide  of  the  "  fifty "  mark  it  comes.  Each  pin  now  held  by  the 
follower,  inolnding  the  one  in  the  ground,  represents  one  chain ; 
each  time  "  tally  "  has  been  called,  and  the  pins  exchanged,  repre- 
sents ten  chains,  and  the  links  just  counted  make  np  the  total 
distance. 

19.  TtlliH,  In  chaining  very  long  distances,  there  is  danger 
of  miscounting  the  number  of  "tallies,"  or  tens.  To  avoid  mis- 
takes, pebbles,  etc.,  may  be  changed  from  one  pocket  into  another 
at  each  change  of  pins ;  or  bits  of  leather  on  a  cord  may  be  slipped 
from  one  side  to  the  other  ;  or  knots  tied  on  a  string  ;  bat  the  beat 
plan  is  the  following  :  Instead  of  ten  iron  pins,  use  nine  iron  pins, 
and  four,  or  eight,  or  ten  pins  of  brass,  or  very  much  longer  than 
the  rest.  At  the  end  of  the  tenth  chain,  the  iron  pine  being  ex- 
hausted, a  brass  pin  is  put  down  by  the  leader.  The  follower  then 
comes  np,  and  retoma  the  nine  iron  pins,  bnt  retains  the  brass 
cne,  with  the  additional  advantage  of  having  this  pin  to  measure 
from.  At  the  end  of  the  twentieth  chain,  the  same  operation  is 
repeated  ;  and  so  on.  When  the  measurement  of  the  line  is  com- 
pleted, each  brass  pin  held  by  the  follower  counts  ten  chains, 
and  each  iron  pin  one,  as  before. 

SO;  Chainii^  on  Blopei,  All  the  distances  employed  in  Land- 
sarveying  mnat  be  measured  horizontally,  or  on  a  level.  When 
the  gronnd  dopes,  it  is  therefore  necessary  to  make  certain  allow- 
anoea  or  corrections.  If  the  slope  be  gentle,  hold  the  up-hill  end 
of  the  chain  on  the  ground,  and  raise  the  down-hill  end  till  the 
chaiu  ia  level.  To  insure  the  elevated  end  being  exactly  over  the 
desired  spot,  raise  it  along  a  staff  kept  vertical,  or  drop  a  pin  held 
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by  the  point  with  the  ring  downward  (if  yon  have  not  the  heavy 
pointed  ones  shown  in  Fig.  10),  or,  which  is  better,  nse  a  plamb- 
lioe.     A  person  standing  beside   the   chain, 
and  at  a  little  distance  froDi  it,  can  best  tell  _ 

if  it  be  nearly  leyel.    If  the  hill  be  so  steep  r^-^L^T 

that  a  whole  chain  oaD  not  be  held  np  li 
oae  only  half  or  qnarter  of  it  at  a  time. 
Great  care  is  neceBsary  in  this  operation. 
To  measure  down  a  steep  hill,  stretch  the  whole  chain  in  line. 
Hold  the  upper  end  fast  on  the  ground.  Raise  up  the  20  or  30 
link-mark,  so  that  that  portion  of  the  chain  is  level.  Drop  a 
plumb-line  or  pin.  Then  let  the  follower  come  forward  and  hold 
down  that  link  on  this  spot,  and  the  leader  hold  up  another 
short  portior,  as  before.  Chaining  down  a  slope  is  more  ao- 
oarate  than  chaining  np  it,  since  in  the  latter  case  the  fol- 
lower can  not  easily  place  his  end  of  the  chain  exactly  over  the 
pin. 

A  more  accurate,  though  more  troublesome,  method,  is  to 
measare  the  angle  of  the  slope,  and  make  the  proper  allowance 
by  calonlation,  or  by  a  table,  previously  prepared.  The  correc- 
tion being  found,  the  chain  may  be  drawn  forward  the  proper 
Dumber  of  links,  and  the  correct  distance  of  the  varioua  points 
to  be  noted  will  thus  be  obtained  at  once,  without  any  subse- 
qnent  caiculation  or  reduction.  If  the  snrrey  is  made  with 
the  Transit  provided  with  a  vertical  circle,  the  slope  of  the 
ground  can  be  measured  directly.  A  "Tangent  Scale,"  for  the 
same  purpose,  may  be  formed  on  the  sides  of  the  sights  of 
a  Oompass.  It  will  be  described  when  the  instrument  is  ex- 
plained. 

In  the  following  table,  the  first  column  contains  the  angle 
which  the  surface  of  the  ground  makes  with  the  horizon  ;  the 
second  column  contains  its  slope,  named  by  the  ratio  of  the  per- 
pendicular to  the  base  ;  and  the  third,  the  correction  in  links  for 
each  chain  measured  on  the  slope,  i.  e.,  the  difference  between  the 
hypotbenuse,  which  is  the  distance  measored,  and  the  horizontal 
base,  which  is  the  distance  desired. 


^dbvGoO^^lc 


LAND-aUB  VBTINQ. 


TABLE  rOB  CHAINING  ON  BUtPEB. 


Ai^ 

Blopo. 

Uik>. 

ABjto. 

Shpfc 

Hiiki. 

8' 

1  in  19 

0-14 

18' 

1  )n4i 

266 

V 

1  io  U 

0-M 

14° 

t  iL  4 

a-97 

8* 

1  Id  lU 
1  in    4 

O'SS 

18° 

1  in  Si 

8-41 

6* 

0-BD 

16' 

linSt 

8-87 

t° 

1  in    S 

016 

17° 

1  In  Si 

4-87 

r 

1  in    7 

0^7 

IB' 

1  in  8 

4-8» 

r 

1  In    e* 

IM 

19* 

1  in  S 

6'4B 

10* 

1  in    6 

1-SI 

20° 

I  in  81 

fl-08 

11* 

1  in    61 

1-M 

26'" 

1  ins 

9-87 

ir 

lin    H 

ai» 

80° 

linlj 

18-40 

SI.  Chaining  is  the  fnndametital  operation  in  all  kinds  of  Sur- 
veying. It  has  for  this  reason  been  very  minat«ljr  detailed.  The 
"follower  "  is  the  most  reaponaible  person,  and  the  sarreyor  will 
best  insure  his  accuracy  by  taking  that  place  himself.  If  he  has 
to  employ  inexperienced  laborers,  be  Till  do  well  to  cause  them  to 
measure  the  distance  between  any  two  points,  and  then  remeasure 
it  in  the  opposite  direction.  The  difference  of  their  two  results 
will  impress  on  tliem  the  necessity  of  great  carefulness. 

To  "do  up"  the  chain,  take  the  middle  of  it  in  the  left  hand, 
and  with  the  right  hand  take  hold  of  the  doubled  chain  just  be- 
yond the  second  link ;  double  up  the  two  links  between  your 
bands,  and  continue  to  fold  up  two  double  links  at  a  time,  laying 
each  pair  obliquely  across  the  others,  so  that  when  it  is  all  folded 
np  the  handles  will  be  on  the  outside,  and  the  chain  will  have  an 
hour-glass  shape,  easy  to  strap  up  and  to  carry. 


22.  Tape.  Though  the  chain  is  most  usually  employed  for  the 
principal  measuremeuts  of  Surveying,  a  tape-line,  divided  on  one 
side  into  links,  and  on  the  other  into  feet  and  inches,  is  more  con- 
venient for  some  purposes.  It  should  be  tested  very  frequently, 
particularly  after  getting  wet,  and  the  correct  length  marked  on  it 
at  every  ten  feet  A  "Metallic  Tape,"  less  liable  to  stretch,  is 
manufactured,  in  which  fine  wires  form  its  warp.  When  the  tape 
23  being  wound  up,  it  should  be  pasticd  between  two  Angers  to  pre- 
vent its  twisting  in  the  box,  which  would  make  it  necessary  to 
Jinaorew  its  nut  to  take  it  out  and  untwist  it.     While  in  use.  it 
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ehoald  be  made  portable  by  being  folded  up  by  arm's  lengths,  in' 
etead  of  being  woand  up. 

A  "  St«el  .Tape,"  made  of  a  thin  ribbon  of  steel,  with  the  divia- 
ions  and  nnmbers  etched  on  it,  is  one  of  the  most  accurate  meas- 
uring instrnmeots.  Those  intended  for  accurate  measurement 
have  at  one  end  an  arrangement  for  shortening  and  lengthening 
the  tape  to  provide  for  variations  in  length,  due  to  changes  of  tem- 
perature, and  at  the  other  end  a  level  and  a  spring-balance,  so  that 
when  measuring  the  ends  of  the  tape  may  be  held  at  the  same 
height,  and  always  with  the  same  tension.  For  methods  employed 
in  making  accurate  measurements,  see  Obapter  XI,  Part  II. 

23.  Substitutes  for  a  chain  or  a  tape  may  be  found  in  leather 
drivtng-liaes,  marked  off  with  a  carpenter's  rule,  or  in  a  cord  knot- 
ted at  the  length  of  every  link.  A  well-made  rope  (such  aa  a 
"  patent  wove  line,"  woven  circularly  with  the  strands  always 
straight  in  the  line  of  the  strain),  when  once  well  stretched,  wetted, 
and  allowed  to  dry  with  a  moderate  strain,  vrill  not  vary  from  a 
chain  more  than  one  foot  in  two  thousand,  if  carefully  used. 

84.  Rodi.  When  unusually  accurate  measurements  are  re- 
quired, rods  are  employed.  They  may  be  of  well-seasoned  wood, 
of  glass,  of  iron,  etc.  They  mnst  be  placed  in  line  very  carefully 
end  to  end,  or  made  to  coincide  in  other  ways,  as  will  be  explained 
under  "  Triangular  Surveying,"  in  which  the  peculiarly  accurate 
measurement  of  one  line  is  required,  as  all  the  others  are  founded 
upon  it 

26.  Pacing,  sound,  and  other  approximate  means,  may  he  used 
for  measuring  the  length  of  a  line.  The  Stadia  and  Gradienter 
will  be  described  iu  Chapter  IV, 

26.  A  Perambulator,  or  "  Measuring- Wheel,"  is  sometimes  used 
for  measuring  distances,  particularly  roads.  It  consists  of  a  wheel 
which  is  made  to  roll  over  the  groand  to  be  measured,  and  whose 
motion  is  commnuicated  tq  a  series  of  toothed  wheels  within  the 
machine.  These  wheels  are  bo  propoiiioned  that  the  index-wheel 
registers  their  revolutions,  and  records  the  whole  distance  passed 
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over.  If  the  diameter  of  the  wheel  be  SIJ  inches,  the  oircumfer- 
enoe,  and  therefore  each  revelation,  will  be  8^  feet,  or  half  a  rod. 
The  rongbneBses  of  the  road  and  the  slopes  neoesBarilj  cause  the 
registered  distances  to  exceed  the  true  measure. 

The  Odometer  is  an  iastrnment  designed  to  register  the  nnmber 
of  revolntioDS  of  a  wagon-wheeL  Knowing  the  circumference  of 
the  wheel  to  which  it  is  attached,  and  determining  the  nnmber  of 
revoIntionH  b;  the  odometer,  the  distance  over  which  the  wheel 
has  passed  may  be  approximately  determined. 

Measuring  Angles. 
27.  The  angle  made  hy  any  two  lines — that  is,  the  difference 
of  their  directions — may  be  obtained  by  a  great  variety  of  inatro- 
F,Q.  12.  ments.     All  of  them  are  in  substance 

mere  modifications  of  the  very  sim- 
ple one  which  will  now  be  described, 
and  which  any  one  gul  make  for 
himself: 

Provide  a  circular  piece  of  wood, 
and  divide  its  circumference  (by  any 
of  the  methods  of  Geometrical  Draft- 
ing) into  three  hundred  and  sixty 
equal  parts,  or  "  degrees,"  and  num- 
ber them  as  in  the  figure.  The  diviBioQS  will  be  like  those  of  s 
watch-face,  but  six  times  as  many.  These  divisions  are  termed 
graduations.  The  figure  shows  only  every  fifteenth  one.  In  the 
center  of  the  circle  fix  a  needle,  or  sharp-pointed  wire,  and  upon 
this  fix  a  straight  stick,  or  thin  ruler  placed  edgewise  (called  an 
alidade),  so  that  it  may  turn  freely  on  this  point  and  nearly 
toacb  the  graduations  of  the  circle.  Fasten  the  circle  on  a  staff, 
pointed  at  the  other  end,  and  long  enough  to  bring  the  alidade 
to  the  height  of  the  eyes.  The  instrament  is  now  complete.  It 
may  be  called  a  Goniometer,  or  Angle-measurer. 

Kow  let  it  be  required  to  measure  the  angle  between  the  lines 
A  B  and  A  C.  Fix  the  staff  in  the  ground,  so  that  its  center  shall 
be  exactly  over  the  intersectioD  of  the  two  lines.  Turn  the  alidade 
so  that  it  points  (as  determined  by  sighting  along  it)  to  a  rod,  or 
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other  mark  st  B,  a  point  on  oae  of  the  lines,  and  note  vhat  degree 
it  coTere — i.  e.,  "The  DeadiDg."     Then,  withont  disturbing  the 
circle,  turn  the  alidade  till  it  points  to  0,  a 
point  on  the  other  line.     Note  the  new  read-  - 

ing.  The  difference  of  these  readings  (in  the 
figaie,  46  degrees)  is  the  difference  in  the 
directions  of  the  two  lines,  or  is  the  angle 
which  one  makes  with  the  other.  If  the  dis- 
tance from  A  to  0  be  now  measured,  the 
point  C  is  "  determined,"  with  respect  to  the  points  A  and  B,  on 
the  Third  Principle,  Any  nnmber  of  points  may  be  thus  deter- 
mined. 

Instead  of  the  very  simple  and  mde  alidade,  which  has  been 

mpposed  to  be  used,  needles  may  be  fised  on  each  end  of  the  aJi- 

dade ;  or  sights  may  be  added  ;  or  a  small  straight  tnbe 

'     '       may  be  nsed,  one  end  being  ooyered  with  a  piece  of 

^     ^     pasteboard  in  which  a  very  small  eye-hole  is  pierced, 

and  threads,  called  "  orose-hairs,"  being  stretched  serosa 

the  other  end  of  it,  as  in  the  figure,  so  that  their  intersection  may 

give  a  more  precise  line  for  determining  the  direction  of  any  point. 

When  a  telescope  is  snbatitnted  for  this  tube,  and  supported  in 
such  a  way  that  it  can  turn  over,  so  as  to  look  both  backward  and 
forward,  the  instrnment  (with  rarions  other  additions,  which,  how- 
CTer,  do  not  affect  the  principle)  is  called  a  Transit. 

28,  Chain  Anglei,  The  angle  made  by  any  two  lines  can  also 
be  deT«rmined  without  the  aid  of  an  angle-measurer.  Let  it  be  re- 
quired to  find  the  angle  made  by  the  two  lines 
A  B  and  A  G,  Fig.  15.  Measure  off  equal  dis- 
tances from  A  to  B  and  0,  and  also  the  "  tie- 
line"  B  C.  It  is  erident  that  the  tie-line  is  the 
chord  of  the  angle  to  a  radins  equal  to  one  of  the 
equal  distances  measured  on  the  sides.  Therefore, 
diride  the  length  of  the  tie-line  by  the  length  ^  * 

of  this  distance.  The  quotient  will  be  the  chord  of  the  angle  to  a 
radius  of  ont.  In  the  Table  of  Chobds,  at  the  end  of  this  volame. 
Bud  this  quotient,  and  the  number  of  degrees  and  minutes  cono- 
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eponding  to  it  gives  the  angle  required.  Otherwise,  since  the  chord 
of  Emy  angle  equals  twice  the  sine  of  half  the  angle,  we  have  this 
rule :  Divide  half  the  tie-line  by  the  measured  distance,  find  in  a 
table  of  natural  sines  the  angle  corresponding  to  the  quotient,  and 
multiply  this  angle  by  two,  to  get  the  angle  desired. 

Surveying  without  Instrameats. 

89.  Distaooei  by  Paoing,  Quite  an  accurate  measarement  of  a 
line  of  ground  may  be  made  by  walking  over  it  at  a  uniform  pace, 
and  counting  the  steps  taken.  .But  the  art  of  walking  in  a  straight 
line  must  first  be  acquired.  Tu  do  this,  fix  the  eye  on  two  objects 
in  the  desired  line,  such  as  two  trees,  or  bushes,  or  stones,  or  tufts 
of  grass.  Walk  forward,  keeping  the  nearest  of  these  objects  stead- 
ily covering  the  other.  Before  getting  up  to  the  nearest  object, 
choose  a  new  one  in  line  farther  ahead,  aud  then  proceed  tia  before, 
and  so  on.  It  is  better  not  to  attempt  to  make  each  of  the  paces 
three  feet,  but  to  take  steps  of  the  natur^  length,  and  to  ascertain 
the  value  of  each  by  walking  over  a  known  distance,  and  dividing 
it  by  the  number  of  paces  required  to  traverse  it.  Every  person 
fihoald  thus  determine  the  usual  length  of  his  own  st«ps,  repeating 
the  experiment  sufficiently  often.  The  French  "  geographical  en- 
gineers "  accustom  themselves  to  take  regular  steps  of  eight  tenths 
of  a  metre,  equal  to  two  feet  seven  and  a  half  inches.  The  United 
States  military  pace  is  two  feet  and  six  inches.  This  is  regarded  as 
a  usual  average.  Quick  pacing  of  120  such  paces  per  minute  gives 
$■41  miles  per  hour.  Slow  paces,  of  three  feet  each  and  sixty  per 
minnte,  give  3'04  miles  per  hour.* 

The  Pedometer  is  an  instrument  which  counts  the  steps  taken 
by  one  wearing  it,  without  any  attention  on  his  part.  It  is  made 
in  the  form  of  a  watch,  and  carried  in  the  pocket.  The  number  of 
the  steps  given  by  the  pedometer,  multiplied  by  the  length  of  the 
step,  will  give  approximately  any  distance  walked  over.  In  one 
form  of  this  instrument  the  number  of  steps  is  registered  on  a  dial 
up  to  2,fi00. 

In  another  form  the  instrument  is  intended  to  be  regnlated  ac- 

*  A.  horw,  00  ■  walk,  averages  Sni)  feet  per  miuule,  on  a  trot  860,  and  on  a  com 
non  gallop  1,040.     For  longer  times,  the  differeiioe  in  horun  ii  mora  i^paTcnl. 
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cording  to  the  length  of  step  of  the  person  carrying  it,  and  then 
the  distance  ia  registered  on  the  dial  in  miles. 

30.  Birtaiioei  by  Timal  Anglet.  Prepare  a  scale,  by  marloDg 
off  on  a  pencil  what  length  of  it,  when  it  is  held  oS  at  arm's  length, 
a  man's  height  appears  to  cover  at  different  dietanceB  (previonslj 


measured  with  accaracy)  of  100,  600,  1,000  feet,  etc.  To  apply 
this,  when  a  man  is  seen  at  any  unknown  distance,  hold  np  the 
pencil  at  arm's  length,  making  the  top  of  it  come  in  the  line  from 
the  eye  to  his  head,  and  placing  the'  thamb-nail  in  the  line  from 
the  eye  to  his  feet,  as  in  Fig.  16.  The  pencil  having  been  previ- 
onsly  graduated  by  the  method  above  explained,  the  portion  of  it 
now  intercepted  between  these  two  lines  will  indicate  the  corre- 
Bponding  distance. 

If  no  previons  scale  hare  been  prepared,  and  the  distance  of  a 
man  be  required,  take  a  foot-mle,  or  any  measure  minntely  divided, 
hold  it  off  at  arm's  length  as  before,  and  see  how  much  a  man's 
height  covers.  Then,  knowing  the  distance  from  the  eye  to  the 
rule,  a  statement  by  the  rule  of  three  (on  the  principle  of  similar 
triangles)  will  give  the  distance  required.  Suppose  a  man's  height, 
of  70  inches,  covers  one  inch  of  the  mle.  He  is  then  seventy  times 
as  far  from  the  eye  as  the  rule,  and,  if  its  distance  be  two  feet,  that 
of  the  man  is  140  feet.  Instead  of  a  man's  height,  that  of  an  ordi- 
nary house,  of  an  apple-tree,  the  length  of  a  fence-rail,  etc.,  may 
be  taken  ae  the  standard  of  comparison. 

To  keep  the  arm  immovable,  tie  a  string  of  known  length  to 
the  pencil,  and  hold  between  the  teeth  a  knot  tied  at  the  other  end 
of  the  string. 

SI.  Distanoei  by  Vinbility.  The  degree  of  visibility  of  varions 
w^-known  objects  will  indicate  approximately  how  far  distant  they 
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are.  Tbns,  by  ordinary  eyes,  the  windows  of  a  large  honse  can  be 
connted  at  a  dietance  of  abont  13,000  feet,  or  %^  miles ;  men  and 
boisee  will  be  perceived  ae  points  at  aboat  half  that  distance,  or  1^ 
mile ;  a  hone  can  be  clearly  dietingoidhed  at  about  4,000  feet ;  the 
movements  of  men  at  2,600  feet,  or  half  a  mile ;  and  the  head  of  a 
man,  occaaiooally,  at  S,300  feet,  and  very  plainly  at  1,300  feet,  or  a 
quarter  of  a  mile.  The  Arabs  of  Algeria  define  a  mile  as  "  the  di» 
tance  at  which  you  can  no  longer  distinguish  a  man  from  a  wom- 
an." These  distanoee  of  visibility  will  of  course  vary  somewhat 
with  the  state  of  the  atmosphere,  and  still  more  with  iudividn^ 
acntenesB  of  sight,  but  each  person  should  make  a  corresponding 
scale  for  himself. 

32.  Biitanoet  by  Boviid.     Sound  paaaea  through  the  air  with  « 

moderate  and  known  velocity  ;  light  passes  almost  instantaneously. 
If,  then,  two  distaut  points  be  visible  from  each  other,  and  a  gun 
be  fired  at  night  from  one  of  them,  an  observer  at  the  other,  noting 
by  a  stop-watch  the  time  at  which  the  flash  is  seen,  and  then  that 
at  which  the  report  is  beard,  can  tell  by  the  intervening  number  of 
seconds  how  far  apart  the  points  are,  knowing  how  far  sonnd  trav- 
els in  a  second.  Sound  moves  about  1,098  feet  per  second  in  dry 
air,  with  the  temperature  at  the  freezing-point,  32°  Fahr.  Foi 
higher  or  lower  temperatores  add  or  subtract  1\  foot  for  each  de- 
gree of  Fahrenheit.  If  a  wind  blows  with  or  against  the  movement 
of  the  sound,  its  velocity  must  be  added  or  subtracted.  If  it  blows 
obliquely,  the  correction  will  evidently  equal  its  velocity  multiplied 
by  the  cosine  of  the  angle  which  the  direction  of  the  wind  makes 
with  the  direction  of  the  sound.  If  the  gun  be  fired  at  each  end  of 
the  base  in  turn,  and  the  means  of  the  times  taken,  the  effect  of 
the  wind  will  be  eliminated. 

If  a  watch  is  not  at  hand,  suspend  a  pebble  to  a  string  (such  as 
a  thread  drawn  from  a  handkerchief)  and  count  its  vibratiouB.  If 
it  be  39^  inches  long,  it  will  vibrate  in  one  second ;  if  9S  inches 
long,  in  half  a  second,  etc.  If  its  length  is  nnknown  at  the  time, 
etill  count  its  vibratious  ;  measure  it  subsequently ;  and  then  will 

the  time  of  its  vibration,  in  seconds,  =  i/(  qqI ^j- 
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53.  AngleKi  Bight  angles  are  those  moat  frequently  required  in 
this  kind  of  snrrey,  and  they  can  be  estimated  by  the  eye  with 
mnoh  acoaracy.  If  other  angles  are  desired,  they  will  be  deter- 
mined by  measaring  equal  distaooeB  along  the  lines  which  make  the 
angle,  and  then  the  line,  or  chord,  joining  the  ends  of  these  dis* 
tances,  thns  forming  chain-angles,  explained  in  Article  26. 

Noting  the  MeiumremeatB. 

54.  The  measaremente  which  have  been  made,  whether  of  lines 
or  of  angles,  require  to  be  very  carefully  noted  and  recorded. 
Cleaniesa  and  brevity  are  the  points  desired.  Different  methods  of 
notation  are  required  for  each  of  the  ByBtems  of  surveying  which 
are  to  be  explained,  and  will  therefore  be  given  in  their  appropriate 
places. 

BBAVIHa  TBS  HAP. 
35.  A  Map  of  a  survey  represents  the  lines  whiob  bound  the 
surface  surveyed,  aud  the  objects  upon  it,  such  as  fences,  roads, 
rivers,  houses,  woods,  hills,  etc.,  in  their  true  relative  dimensions 
and  positions.  It  is  a  miniature  copy  of  the  field,  farm,  etc.,  as  it 
would  be  seen  by  an  eye  moving  over  it ;  or  as  it  would  appear,  if, 
from  6Tery  point  of  its  irregular  surface,  plumb-lines  were  dropped 
to  a  level  surface  under  it,  formiug  what  is  called,  in  geometrical 
language,  its  horizontal  projection. 

86.  Flattiiig.  A  plat  of  a  survey  is  a  skeleton,  or  outline  map. 
It  is  a  figure  "similar"  to  the  original,  having  all  its  angles  equal 
and  its  sides  proportional.  Every  inch  on  it  represents  a  foot,  a 
yard,  a  rod,  a  mile,  or  some  other  length,  on  the  ground  ;  all  the 
measured  distances  being  diminished  ^^  ^^ 

in  exactly  the  same  ratio. 

Plattinq  is  repeating  on  paper, 
to  a  smaUer  scale,  the  measurements 
which  have  ieen  made  on  (he  ground. 

Its  various  operations  may  there- 
fore be  reduced,  in  accordance  with 

the   principles   established  in  this  chapter,  to  two,  viz.:  draw- 
ing a  straight  line  io  a  given  direction  and  of  a  given  length ; 
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and  describing  an  arc  of  a  circle  with  a  radius  whose  length  is  also 
given.  The  only  instrnmente  ahsolntely  neceseory  for  this  are  a 
straight  ruler  and  a  pair  of  "diTidera"  or  "compasaeB."  Others, 
however,  are  often  oonvenieot,  and  will  be  now  briefiy  noticed. 

37.  Straight  Linei.  These  are  asnally  drawn  by  the  aid  of  a 
straight-edged  ruler.  Bat  to  obtain  a  very  long  straight  line  upon 
paper,  stretch  a  fine  silk  thread  between  any  two  distant  points, 
and  mark  in  its  line  Tarioas  points  near  enough  together  to  be 
afterward  connected  by  a  common  ruler.  The  thread  may  also  be 
blackened  with  burned  cork  and  snapped  on  the  paper,  as  a  car- 
penter snaps  hia  chalk-line  ;  bat  this  is  liable  to  inaccuTacies,  from 
not  raising  the  line  vertically. 

38.  Area.  The  arcs  of  circles  used  in  fixing  the  position  of  a 
point  on  paper  are  usually  described  with  compasses,  one  leg  of 
which  carries  a  pencil-point.  A  convenient  substitute  is  a  atrip  of 
pasteboard,  through  one  end  of  which  a  fine  needle  is  thrust  into 
the  given  center,  and  through  a  hole  in  which,  at  the  desired  dis- 
tance, a  pencil-point  is  passed,  and  can  thos  describe  a  circle  about 
the  center,  the  pasteboard  keeping  it  always  at  the  proper  distance. 
A  string  is  a  still  readier,  but  less  accurate,  instrument. 

89.  Parallels.     The  readiest  mode  of  drawing  parallel  lines  is 
by  the  aid  of  a  triangular  piece  of  wood  and  a  ruler.     Let  A  B 
J,      g  be  the  line  to  which  a  parallel  is  to 

be  drawn,  and  G  the  point  through 
which  it  must  pass.  Place  one  side 
of  the  triangle  against  the  line,  and 
place  the  ruler  against  another  side  of 
the  triangle.  Hold  the  ruler  firm 
and  immovable,  and  slide  the  triangle 
along  it  till  the  side  of  the  triangle 
which  had  coincided  with  the  given  line  passes  through  the  given 
point.  This  side  will  then  be  parallel  to  that  given  hne,  and  a 
line  drawn  by  it  will  be  the  line  required. 

Another  easy  method  of  drawing  parallels  is  hy  means  of  a  T- 
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sqnare,  an  instrnment  very  valuable  for  many  other  purponos.     It 

is  uotbiiig  bat  a  ruler  let  into  a  thicker  piece  of  wood,  very  truly 

at  rigbt  angles  to  it     For  this  use  p,^  j^ 

o(  it,  one  side  of  the  crosB-piece 

mnBt  be  even  or  "  flush  "  with  the 

mler.      To  nee  it,  lay  it  on  the 

paper  bo  that  one  edge  of  the  ruler 

ooincidee  with  the  given  line  A  B. 

Place  another  ruler  against   the 

orosB-pieoe,  hold  it  firm,  and  slide 

the  T-B<)nare  along  till   its  edge 

passes  through  the  given  point  C, 

as  shown  by  the  lower  part  of  the 

figure.     Then  draw  by  this  edge  the  desired  line  parallel  to  the 

given  line. 

40.  FeTpendioDlarB,  These  may  be  drawn  by  the  various  prob- 
lems given  in  Geometry,  but  more  readily  by  a  triangle  which  has 
one  right  angle.     Place  the  longest  side  of  the  triangle  on  the 

given  line,  and  place  a  ruler  against  a 
Fis.  sa  second  side  of  the  triangle.     Hold  the 

ruler  fast,  and  turn  the  triangle  so  as 
to  bring  its  third  side  against  the  ruler. 
Then  will  the  long  side  be  perpendicu- 
lar to  the  given  line.  By  sliding  the 
triangle  along  the  ruler,  it  may  be  used 
to  draw  a  perpendicular  from  any  point 
of  the  line,  or  from  anypoint  to  the  line. 

41.  Angles.  These  are  most  easily  set  out  with  an  instrument 
called  a  Protractor.  This  is  usually  a  semicircle  of  brass,  as  in  the 
figure,  with  its  Bemi-circumference  divided  into  180  equal  parts,  or 
degrees,  and  numbered  in  both  directions.  It  is,  in  fact,  a  minia- 
ture of  the  inBtrument  (or  of  half  of  it)  with  which  the  angles  have 
been  measured.  To  lay  off  any  angle  at  any  point  of  a  straight 
line,  place  the  protractor  bo  that  its  straight  side,  the  diameter  of 
the  semicircle,  is  on  the  given  line,  and  the  middle  of  this  diam- 
eter, which  a  marked  by  a  notch,  is  at  the  given  point.     With  a 
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needle  or  sharp  pencil  make  a  mark  on  the  paper  at  the  required 
nambor  of  degrees,  and  draw  a  line  from  the  mark  to  the  given 
point. 

Sometimes  the  protractor  has  an  arm  taming  on  its  center  and 


extending  bejond  its  circamference,  bo  that  a  line  can  be  at  once 
drawn  by  it  when  it  is  set  to  the  desired  angle.  A  Vernier  scale  is 
sometimes  added  to  it  to  increase  its  precision. 

A  Rectangular  Protractor  is  sometimes  used,  the  divisions  of 
degrees  being  engraved  along  three  edges  of  a  plane  scale.     The 


semicircalar  one  is  preferable.  The  objection  to  the  rectangular 
protractor  is  that  the  division  corresponding  to  a  degree  is  very 
unequal  on  different  parte  of  the  scale,  being  asnally  two  or  three 
times  as  great  at  its  ends  as  at  its  middle. 

A  Protractor  embracing  an  entire  circle,  with  arms  carrying 
verniers,  is  also  sometimes  employed,  for  the  sake  of  greater 
accuracy. 
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42.  Dmriug  to  Scale.  The  operation  of  drawing  on  papei 
lines  whose  length  tihall  be  a  half,  a  quarter,  a  tenth,  or  any  otbei 
fraction  of  the  Uaea  measured  on  the  ground,  ia called  "Drawing 
to  Scale." 

To  set  oS  on  a  line  any  given  distanoe  to  any  required  scale, 
determine  the  number  of  chains  or  links  which  each  dlTision  of  the 
scale  of  equal  parta  shall  represent.  Divide  the  given  distance  by 
this  number.  The  quotient  will  be  the  number  of  equal  parts  to 
be  taken  in  the  dividers  and  to  be  set  off. 

For  example,  suppose  the  scale  of  equal  parts  to  be  a  common 
carpenter's  rule  divided  into  inches  and  eighths.  I>t  the  given 
distance  be  twelve  chains,  which  is  to  be  drawn  to  a  scale  of  two 
chains  to  an  inch.  Then  six  inches  will  be  the  distance  to  be  set 
off.  If  the  given  distance  had  been  twelve  ohMns  and  seventy-five 
links,  the  distance  to  be  set  off  would  have  been  six  inches  and 
three  eighths,  sinoe  each  eighth  of  an  inch  represents  twenty-five 
links. 

If  the  desired  scale  were  three  chains  to  an  inch,  each  eighth  of 
an  inch  would  represent  37^  links  ;  and  the  distance  of  1,S75  links 
would  be  represented  by  thirty-four  eighths  of  an  inch,  or  4J 
inches. 

A  similar  process  will  give  the  correct  length  to  be  set  off  for 
any  distance  to  any  scale. 

If  the  scale  used  had  been  divided  into  inches  and  tenths,  as  is 
much  the  most  convenient,  the  above  distances  would  have  become 
on  the  former  scale  6-^  inches,  or  nearly  6-^  inches  ;  and  on  the 
latter  scale  4^  inches,  coming  midway  between  the  second  and 
third  tenth  of  an  inch. 

Conversely,  to  find  the  real  length  of  a  line  drawn  on  paper 
to  any  known  scale,  reverse  the  preceding  operation.  Take 
the  length  of  the  line  in  the  dividers,  apply  it  to  the  scale, 
and  count  how  many  equal  parts  it  includes.  Multiply  their 
number  by  the  number  of  chains  or  links  which  each  represents, 
and  the  product  will  be  the  desired  length  of  the  line  on  the 
ground. 

This  operation  and  the  preceding  one  are  greatly  facilitated  by 
the  use  of  the  scales  to  be  described  in  Art.  47. 
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43.  SoalM,  The  choice  of  the  scale  to  which  a  plat  Bhould  be 
drawn — that  is,  hov  many  times  smaller  itij  lines  shall  he  than 
those  which  have  been  measnred  on  the  grotiud — is  determined  by 
seTeral  considerationa.  The  chief  one  is  that  it  shall  be  just  large 
enoogh  to  express  clearly  all  the  details  which  it  is  desirable  to 
know.  A  Farm  Survey  wonld  require  its  plat  to  show  every  field 
and  baildiug.  A  State  Survey  would  show  only  the  towns,  rivers, 
and  leading  roads.  The  size  of  the  paper  at  band  will  also  limit 
the  scale  to  be  adopted.  If  the  content  is  to  be  calculated 
from  the  plat,  that  will  forbid  it  te  be  less  than  3  chains  to  I 
inch. 

Scales  are  named  in  various  ways.  They  should  always  ie  ex- 
pressed fractionally — i.  e.,  they  should  be  so  named  as  to  indicate 
what  fractional  part  of  the  real  line  measured  on  the  ground,  the 
representative  line  drawn  on  the  paper,  actually  is.  When  custom 
requires  a  difFerent  way  of  naming  the  scale,  both  should  be  given. 
It  would  be  still  better  if  the  denominator  could  always  be  some 
power  of  10,  or  at  least  some  multiple  of  3  and  6,  such  as  j^, 
TiW.  TTiW.  nW.  etc.  For  convenience  in  printing,  these  may  be 
written  thus  :   1 :  500,  1 : 1,000,  1 :  2,000,  1 :  3,500,  etc. 

Plats  of  Fhrm  Surveys  are  usually  named  as  being  so  many 
chains  to  an  inch. 

Maps  of  Surveys  of  States  are  generally  named  as  being  made 
to  a  scale  of  so  many  miles  to  an  inch. 

Uaps  of  Railroad  Surveys  are  B^d  to  be  so  many  feet  to  aa 
inch,  or  so  many  inches  to  a  mile. 

44  Farm  Snrreyi.  If  these  are  of  small  extent,  two  chains  to 
one  inch  (which  is  =  ,-,^j^  =  j^  =  1 :  1,584)  is  convenient. 

A  scale  of  one  chdn  to  one  inch  (1 :  702)  is  uBefiil  for  plans  of  baildings. 
Three  chains  to  one  Inch  (1 :  2,376)  is  snitable  for  larger  farms.  It  is  the 
scale  pre.icribed  by  the  English  Tithe  Ooramiseioners  for  their  fir^t^laaa 
maps. 

In  Franco,  the  Cadcutre  Sarve?B  are  lithographed  on  a  scale  about  eqniv- 
ilent  to  this,  beina  1  : 2,5fH),  The  original  plans  are  drawn  to  a  scale  of 
1 :  6,000.  Plans  for  tlie  division  of  property  ore  made  on  the  former  scale. 
When  the  district  eiceeds  3.000  acres,  the  scale  in  1 :  10,000.  When  it  ex- 
ceeds 7,600  acres,  the  scale  is  1 :  20,000.  A  common  scale  in  France  fbi 
snail  saireys  Is  1  -.  1,000,  abont  \\  chain  to  1  inch. 
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46.  State  SozreyB.  On  these  «arvaj3  smaller  scales  are  neoeasarUj 
employed. 

On  the  United  Statn  Guast  and  Geodetic  Survey  all  tlie  scales  are  ex- 
pressed fractionallr  and  decimally.  "The  snrveys  are  generally  platted 
origioally  on  a  scale  of  ooe  to  ten  or  twenty  thousand,  bat  in  some  instances 
the  scale  Is  larger  or  smaller. 

"These  original  Biirveys  are  reduced  for  engraving'  and  publication,  and, 
whan  issued,  are  embraced  in  three  general  classes:  1,  small  harbor-oharts ; 
8,  chariB  of  bays  and  sounds;  and,  S,  tbe  General  Ooaiat  Charts. 

"  The  scales  of  the  firiit  class  vary  from  1  :  10,000  to  1  :  60,000,  according 
to  the  nature  of  the  harbor  and  the  different  ohjerts  to  be  represented. 

"  Where  there  are  many  ahoatn,  rocks,  or  other  objects,  as  in  Nantucket 
Harbor  and  Hell  Gate,  or  where  the  importance  of  the  harbor  makes  it  neces- 
sary, u  larger  scale  of  1 :  5,000,  I  :  IO,OiXl,  and  1 :  20,000  is  used.  But  where, 
from  the  size  of  the  harl>or  or  its  ease  of  access,  a  smaller  one  will  point  oat 
every  danger  with  saflaE-ient  eiactncss,  the  scales  of  1 :  40,000  and  1 :  60,000 
are  used,  as  in  tbe  case  of  New  Bedford  Harbor,  Gat  and  8Mp  Island  Hu- 
bor,  New  Haven,  etc. 

"  The  scale  of  the  second  cbms.  In  consequence  of  the  large  areas  to  be 
represented,  U  asually  fixed  at  1 :  S0,000,  aa  in  tbe  case  of  New  York  Bay, 
Italaware  Bay  and  River.  Preliminary  charts,  however,  are  issued  of  variooB 
scales  from  1 :  80,000  to  1  :  200,000. 

"Of  tbe  third  doss,  the  scale  is  tixod  at  1  :  400,000  for  the  General  Ohart' 
of  tbe  Ooast  from  Gay  Head  to  Cape  Ilenlopen,  althongh  considerations  o( 
the  proximity  and  importance  of  points  on  the  coast  may  change  tbe  scale* 
of  chart!  of  other  portions  of  onr  extended  coast." 

The  National  Survey  of  Oreat  Britain  is  called,  from  the  corps  employed 
on  it,  the  "  Ordnance  Survey." 

The  "Ordnance  Survey"  of  the  southern  conniiea  of  England  was 
platted  on  a  scale  of  2  inches  to  1  mile  (1  :  .'ll,680|,  snd  rednced  for  publi- 
cation to  that  of  1  inch  to  a  raile  (1 :  63,360).  The  scale  of  8  inches  to  a 
mile  (1  :  10,660)  was  adopted  for  the  northern  counties  of  England  and  foP 
tbe  Bonthern  counties  of  Scotland.  The  same  scale  was  employed  for  plat- 
ting and  engraving  in  outline  the  "Ordnance  Survey"  of  Ireland.  But  a 
map  on  a  scale  of  1  inch  to  1  mile  (1 :  68,360)  is  now  published,  the  former 
scale  rendering  the  maps  too  unwieldy  and  cnmbroas  for  consultation. 

The  Ordnance  Survey  of  Scotland  wos  at  first  platted  on  a  scale  of  6 
inches  to  1  mile  (1 :  10,560).  That  scale  has  since  been  abandoned,  and  it  la 
now  platted  onasraleof  2  inches  to  1  mile  (1 :  81,680),  and  the  general  maps 
ore  made  to  only  half  that  scale. 

The  Ordnance  Survey  scale  (or  the  maps  of  London  and  other  large  towns 
b  6  feet  to  1  mile  (1  :  1,056),  or  1 J  chain  to  1  inch. 

In  the  "Surveys  under  the  Public  Health  Act"  of  England,  the  scale  for 
the  general  plan  is  2  feet  to  1  mile  (1  :  2,640) ;  and  for  the  detailed  plan  10 
feet  per  mile  (1 :  628),  or  f  of  a  chain  per  inch. 

The  Government  Survey  of  Franee  in  platted  to  a  srale  of  1 :  20,000. 
Copies  are  made  to  1 :  40,000 :  and  the  maps  are  engraved  to  a  scale  of 
1 :  80,000,  or  about  1  of  an  inch  to  1  mile. 
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Oaamni'a  fainoos  map  of  Franoe  was  on  a  aoale  of  1 :  86,400. 
The  French  War  Department  employ  the  scales  of  1 :  10,000,  1 ;  80,000. 
1 ;  40,000,  and  1 :  80,000  tor  the  topograph;  of  France. 

46.  '^^'■™"'  8nr7ey&  For  these  the  New  York  Bailroad  Lav  of  1880 
directs  the  horizontal  scale  of  maps  which  are  to  be  filed'  in  the  State  Engf- 
neer'e  Office  to  be  SOO  feet  to  -ff  of  a  foot  (=  1 :  6,000),  and  vertical  ecale 
for  profilea  to  be  100  feet  to  Vi  of  a  foot  (=  l :  1,000). 

For  the  Kew  York  Oanal  Maps  a  horizontal  scale  of  S  chains  to  1  inch 
(1 : 1,684),  and  a  vertioal  scale  of  20  feet  to  1  inch,  are  employed. 

The  parliomentarj  " standing  orders"  prescribe  the  plans  of  railroads, 
prepared  for  parliamentar;  parposes,  to  be  made  on  a  scsje  of  not  less  ttian 
1  inches  to  the  mile  (1 :  16,840) ;  and  the  enlarged  portions  (aa  of  gardens, 
oonrt-jards,  etc.)  to  be  on  a  ecale  not  Hmaller  than  400  feet  to  the  inch 
(1:4,800).  Accordingly,  the  practice  of  English  railway  engineers  is  to 
draw  the  whole  plan  to  a  scale  uf  6  chains,  or  S9G  feet  to  the  inch  (1 : 4,763), 
aa  being  jnst  within  the  parliameotary  limits. 

In  Fraaoe,  the  engineers  of  "'  Bridges  and  Roads "  (Corps  des  Fonts  et 
Ohauas^es)  employ  for  the  general  plan  of  a  road  a  scale  of  1 :  6,000,  and  for 
appropriations,  1 :  600. 

In  tlie  TTnited  Statei  En^Mr  Servioe  the  following  plans  are  pre- 
scribed :  General  plans  of  buildiogs,  1  inch  to  10  feet  (1  :  120). 
Hapfl  of  groaada,  with  horizontal  carves  one  foot  apart,  1  inch  to  60  feet 

(1 :  600). 
TopographliMl  maps,  one  mile  and  a  half  square,  S  feet  to  1  mile  (1  :  2,640). 
Da,  comprising  three  miles  square,  1  foot  to  one  mile  (1  :  6,280). 
Do.,  between  fonr  and  eight  miles  square,  fl  inches  to  one  mile  (1  :  10,660). 
Do.,  4wmprieing  nine  miles  square,  4  inches  to  one  mile  (1  :  lfl,840). 
Maps  not  exceeding  24  miles  square,  2  inches  to  one  mile  (1  :  81 ,880). 
Maps  comprising  50  miles  square,  1  inch  to  one  mile  (1  ;  68,860). 
Uaps  comprising  100  miles  square,  \  inch  to  one  mile  (1  :  126,720). 
SoTToys  of  roads,  canals,  etc.,  1  inch  to  60  feet  (1  :  800). 

47.  The  most  convenient  Bcalea  of  eqnal  parts  are  those  of  box- 
wood, or  ivory,  which  have  tL  fiducial  or  feather  edge,  along  which 
they  are  divided,  bo  that  distances  can  he  at  once  marked  oS  from 
this  edge,  without  reqairing  to  be  taken  off  with  the  dividers  ;  or 
the  length  of  a  given  line  can  be  at  once  read  off.  Box-wood  ia 
preferable  to  ivory,  as  ranch  lesa  liable  to  warp,  or  to  vary  in  length 
with  changes  in  the  moisture  in  the  air. 

The  student  can,  however,  make  for  himself  platting-scalea  of 
drawing-paper,  or  Bristol  board.  Cut  a  straight  strip  of  this  mate- 
rial, about  an  inch  wide.     Draw  a  line  through  its  middle,  and  set 
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off  on  it  a  number  of  equal  parts,  each  repreBenting  a  chain  to  the 
desired   scale.      Subdivide   the  left-hand  dinsion  into  t«n  eqnal 


fill! 

L^-^ 

, 

I 

/ 

parts,  each  of  which  will  therefore  repreeeat  ten  links  to  this  scale. 
ThroQgh  each  point  of  division  on  the  central  line,  draw  (with  the 
T-sqaare)  perpendioalars  extending  to  the  edges,  and  the  scale  is 
made.  It  explaios  itself.  The  aboTe  figure  is  a  scale  of  %  chwns 
to  1  inch.  On  it  the  distance  220  links  would  extend  between  the 
arrow-beads  above  the  line  in  the  figure  ;  560  links  extend  between 
the  lower  arrow-heads,  etc 

A  paper  scale  has  the  great  adTantage  of  varying  less  from  a 
plat  which  has  been  made  by  it,  in  consequence  of  changes  in  the 
weather,  than  any  other.  The  mean  of  many  trials  showed  the 
difference  between  such  a  scale  and  drawing-paper,  when  exposed 
alternately  to  the  damp  open  atmosphere,  and  to  the  air  of  a  warm 
dry  room,  to  be  equal  to  '005,  while  that  between  box-wood  scales 
and  the  paper  was  -013,  or  nearly  Z\  times  as  mnch.  The  diffei^ 
ence  with  ivory  would  have  been  even  greater. 

Some  of  the  more  usual  platting-scales  are  here  given  in  their 
actual  dimensions. 

Id  these  five  Ggnres,  different  methods  of  drawing  the  scales 

Vm.iA.—ataUo/l^abttalUtdi. 
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have  been  given,  bat  each  method  may  be  applied  to  any  scale. 
The  first  and  second,  being  the  most  simple,  are  generally  the  best 
Iq  the  third  the  aobdivisions  are  made  by  a  diagonal  line  :  the  dis* 
Via.  m.— Scale  off  du^nt  to  1  iiuA 
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tances  between  the  various  pairs  of  arrow-heads,  beginning  with  the 
uppermost,  are  respectively  310,  540,  and  370  links. 
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In  the  fourth  fignre,  the  dietaDcea  between  the  arrow-heade  are 
respectively  310,  270,  and  540  links. 

Fis.  2t.-~BeaU  of  3  dumu  to  1  indt. 


in 


In  the  fifth  figure,  the  wale  of  5  chains  to  1  inch  is  subdivided 
diagonally  to  only  every  quarter-chain,  ur  25  links.     The  distance 

FiQ.  W.—8adt  ofi  chtmt  to  1  inth. 
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between  the  upper  pair  of  arrow-heads  on  it  is  13}  chains,  or  18-25  ; 
between  the  nest  pair  of  arrow-heads  it  is  6-50 ;  and  between  the 
lower  pair  14-75. 

Fib.  VI.— Se^  of  5  Atan*  to  1  mA. 
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A  diagonal  scale  for  dividing  an  inch,  or  half  an  inch,  into  100 
equal  parte,  is  found  on  the  "  plain  scale  "  in  every  case  of  lostra- 
ments. 

48.  Vernier  Scale.  This  is  an  ingenious  substitute  for  the  diag- 
onal scale.  The  one  given  in  the  following  figure  divides  an  inch 
into  100  equal  parts,  and,  if  each  inch  be  supposed  to  represent  a 
chun,  it  gives  single  links. 

Hake  a  scale  of  an  inch  divided  into  tenths,  as  in  the  upper 
Bcale  of  the  above  figure.  Take  in  the  dividers  eleven  of  theae 
divisions,  and  set  oft  this  distance  from  the  0  of  the  scale  to  the 


^dbvGoO^^k' 


DRAWING    THE  MAP.  81 

left  of  it.     Divide  the  distance  thus  set  oft  into  10  equal  parts. 
Eaeh  of  t^em  will  be  one  tenth  of  oleven  tentfas  of  ono  inch,  i.  e.. 


tfflm 
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eleTen  bnndredths,  or  a  tenth  and  a  hnndredth,  and  the  first  di> 
TieioD  on  the  short,  or  vernier  scale,  will  overlap,  or  be  longer  than 
the  first  diTisiou  on  the  long  Bcale,  by  jaet  one  hundredth  of  an 
inch  ;  the  second  dirision  will  overlap  two  hnadredths,  and  so  on. 
The  principle  will  he  more  fnllj  developed  in  treating  of  "  Ver- 
niers." 

Now,  suppose  we  wish  to  take  oft  from  this  scale  275  hundredths 
of  an  inch.  To  get  the  last  figure,  we  most  take  five  divisions  on 
the  lower  scale,  which  will  be  55  handredths,  for  the  reason  just 
given ;  220  will  remain,  which  are  to  be  taken  from  the  upper 
scale,  and  the  entire  nnmber  will  be  obtained  at  once  by  extending 
the  dividers  between  the  arrow-heada  in  the  figure  from  220  on  the 
upper  scale  (measuring  along  its  lower  side)  to  56  on  the  lower 
scale  ;  264  would  extend  from  210  on  the  npper  scale  to  44  on  the 
lower ;  318  would  extend  from  230  on  the  npper  scale  to  88  on  the 
lower.  Always  begin  then  with  subtracting  11  times  the  last  figure 
from  the  given  number ;  find  the  remainders  on  the  upper  scale, 
and  the  number  subtracted  on  the  lower  scale. 


49.  A.  plat  is  sometimes  made  by  a  nominally  reduced  scale  in 
the  following  manner  :  Suppose  that  the  scale  of  the  plat  is  to  be 
ten  chuns  to  one  inch,  and  that  a  diagonal  scale  of  inches,  divided 
into  tenths  and  hundredths,  is  the  only  one  at  hand.  By  dividing 
all  the  distances  by  ten,  this  scale  can  then  be  used  without  any 
further  reduction.  But  if  the  content  is  measured  from  the  plat 
to  the  same  scale,  in  the  manner  explained  in  the  next  chapter,  the 
resnlt  must  be  multiplied  by  10  times  10.  This  is  called  by  old 
snireyors  "raising  the  scale,"  or  "restoring  true  measure." 
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60.  Seotoral  BosIm.  The  Sector  (c^led  by  the  French  "  Com- 
pass of  FroportioD  ")  is  an  iostrnmeat  sometimee  convenient  foi 
obtaining  a  scale  of  eqnal  parts.  It  is  in  two  portions,  tnrning  on 
a  binge,  like  a  carpenter's  pocket-rnla  It  contains  a  great  num- 
ber of  scales,  bnt  the  one  intended  for  this  ose  is  lettered  at  its 
ends  L  in  English  iostra- 
ments,  and  consists  of  two 
lines  mnning  from  the  center 
to  the  ends  of  the  ecate,  and 
each  divided  into  ten  eqnal 
parts,  each  of  which  is  again 
subdivided  into  ten,  so  that 
each  leg  of  the  scale  contains 
100  eqnal  parts.  To  illnstrate 
its  Qse,  suppose  that  a  scale 
of  7  chains  to  1  inch  is  re- 
qnired.  Take  1  inch  in  the  dividers,  and  open  the  sector  till 
this  distance  will  jnst  reach  from  the  1  on  one  leg  to  the  7  on  the 
other.  The  fiector  is  then  "set"  for  this  Bcale,  and  the  angle  of 
its  opening  most  not  be  again  changed.  Now  let  a  distance  of 
580  links  be  required.  Open  the  dividers  till  they  reach  from  58 
to  68  on  the  two  legs,  as  in  the  dotted  line  in  the  figure,  and  it 
is  the  required  distance.  Again,  suppose  that  a  scale  of  2^ 
chains  to  1  inch  ia  desired.  Open  the  sector  so  that  1  inch  shall 
extend  from  25  to  35.  Any  other  scale  may  be  obtained  in  the 
same  manner. 

Conversely,  the  length  of  any  known  line  to  any  desired  scale 
can  thus  be  readily  determined. 


61.  Whatever  scale  may  be  adopted  for  platting  the  survey.  It 
should  be  drawn  on  the  map,  both  for  convenience  of  reference 
and  in  order  that  the  contraction  and  expansion  caused  by  changes 
in  the  quantity  of  moisture  in  the  atmosphere  may  afFect  the  scale 
and  the  map  alike.  When  the  drawing-paper  has  been  wet  and 
glued  to  a  board,  and  out  oS  when  the  map  is  completed,  its  con- 
tractions have  been  found  by  many  observations  to  average  from 
one  fourth  to  one  half  per  cent  on  a  scale  of  3  chains  to  an  inch 
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(I  ;  8,376),  which  would  therefore  reqnire  an  allowauoe  of  from  OBe 
half  perch  to  one  perch  per  acre, 

A  scale  made  as  directed  in  Art.  47,  if  used  to  make  a  plat  od 
anHtretched  paper,  and  then  kept  with  the  plat,  will  answer  nearly 
the  same  parpose. 

Saoh  a  scale  may  be  attached  to  a  map  by  Blipping  it  through 
two  or  three  cnt«  in  the  lower  part  of  the  Bheet,  and  will  be  a  very 
convenient  aubstitote  for  a  pair  of  diyiders  in  measuring  any  dis- 
tance upon  it. 

58.  Scale  omitted.  It  may  be  required  to  find  the  anknown 
scale  to  which  a  given  map  has  been  drawn,  its  superficial  content 
being  known.  Assume  any  conyenient  scale,  measure  the  lines  of 
the  map  by  it,  and  fiud  the  content  by  the  methods  to  be  given  in 
the  next  chapter,  proceeding  as  if  the  assumed  scale  were  the  true 
one.  Then  make  this  proportion,  founded  on  the  geometrical 
principle  that  the  areas  of  similar  figures  are  as  the  squares  of  their 
corresponding  sides  :  As  the  content  found  is  to  the  given  content, 
to  is  the  sqnare  of  the  assumed  scale  to  the  square  of  the  true  scale. 

OALOlJXATZB'a  TBB  CONTENT. 
63.  The  Content  of  a  piece  of  ground  is  its  snperficisl  area, 
or  the  number  of  square  feet,  yards,  acres,  or  miles  which  it  con- 
t^ns. 

M.  Horisontal  Keanirement.  All  ground,  however  inclined  or 
uneven  its  surface  may  be,  should  be  measared  horizontally,  or  as 
if  brought  down  to  a  horizontal  plane,  so  that  the  surface  of  a  bill, 
thus  measared,  would  give  the  same  content  as  the  level  base  on 
which  it  may  be  supposed  to  stand,  or  as  the  figure  which  would 
be  formed  on  a  level  surface  beneath  it  by  dropping  plomb-lineB 
from  every  point  of  it. 

This  method  of  procedure  is  required  for  both  geometrical  and 
social  reasons. 

Oeometrically,  it  is  plain  that  this  horizontal  measurement  is 
absolutely  necessary  for  the  purpose  of  obtaining  a  correct  plat. 
In  Fig.  SO,  let  A  B  0  D  and  B  G  £  F  be  two  square  lots  of  ground, 
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fte.  SO. 


platted  horizontally.  Suppoec  the  grouud  to  slope  in  all  directiona 
from  1^  point  C,  which  is  the  Bummit  of  a  hill.  Then  the  lineK 
B C,  DC,  measured  on  the  slope,  are 
longer  tliao  if  measured  on  a  level, 
and  the  field  A  BCD,  of  Fig.  30, 
platted  with  these  long  lines,  would 
take  the  shape  A  B  0  D  in  Fig.  31 ; 
and  the  field  B  C  E  F,  of  Fig.  30, 
would  become  B  H  E  F,  of  Fig.  31. 
The  two  adjoining  fields  would  thus 
overlap  each  other  ;  and  the  aame 
difficulty  would  occur  in  every  case 
of  platting  any  two  adjoining  fields 
by  the  measurements  made  on  the 
°       **  elope. 

Let  us  suppose  another  case,  more  simple  than  would  ever  occur 
in  practice,  that  of  a  three-sided  field,  of  equal  sides,  and  composed 
of  three  portions,  each  sloping 
down  uniformly  (at  the  rate  of 
one  to  one)  from  one  point  in 
the  center,  as  in  Fig.  33.  Each 
6lo])o  being  accurately  platted,  the 
three  could  not  come  together,  but  z^^^^r^ 
would  be  separated  as  in  Fig.  33. 

We  have  here  taken  the  most  simple  cases,  tfao^  of  oniform 
slopes.  But  with  the  common  in-egularities  of  uneven  ground, 
to  measure  its  actual  surface  would  not  only  be  improper,  but  im- 
poasible. 

In  the  social  aspect  of  this  question,  the  horizontal  measure- 
ment is  justified  by  the  fact  that  no  more  faouees  can  be  built  on  a 
hill  than  could  be  built  on  its  fiat  base ; 
and  that  no  more  trees,  corn,  or  other 
plants,  which  shoot  up  vertically,  can  grow 
on  it ;  as  is  represented  by  the  vertical 
linos  in  the   figure.*     Even  if  a  side-hill 

*  This  questioD  it  more  thao  two  ihoueand  jeara  old,  for  PolybiuB  writes:  "Some 
n  of  thoa«  who  are  emplojed  in  Ihc  aJministratioa  of  Btatca,  or  placed  at  the  head 
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should  produce  more  of  certain  creeping  planta,  the  increased 
difficulty  in  their  cultivation  might  perhaps  balance  this.  For 
this  reason  the  surface  of  the  soil  thus  measured  is  sometimes 
called  the  productive  base  of  the  ground. 

Again,  a  piece  of  Und  containing  a  bill  and  a  hollow,  if  meas- 
ured on  the  surface,  would  give  a  larger  content  than  it  would 
after  the  hollow  had  been  filled  up  by  the  hill,  while  it  would  yet 
really  be  of  greater  value  than  before. 

Horizontal  measurement  is  called  the  "  Method  of  Onltella- 
tion,"  and  superficial  measurement  the  "  Method  of  Development."  * 

An  act  of  the  State  of  New  York  prescribes  that  "  the  acre,  for 
land-measure,  shall  be  measured  horizontally." 

56.  ITnit  of  Content  The  Acre  is  the  unit  of  land-meaaure- 
ment.  It  contains  i  Roods.  A  Rood  contains  40  Perches.  A 
Perch  is  a  square  Bod  ;  otherwise  called  a  Pole.  A  Bod  is  6^ 
yards,  or  16J  feet. 

Hence,  1  Acre  =  i  Roods  =  160  Perches  =  4,840  square  yards 
=  43,560  square  feet. 

One  square  mile  =  5,280  X  5,S80  feet  =  640  acres. 

Since  a  chain  is  66  feet  long,  a  square  chain  contains  4,356 
square  feet ;  and,  consequently,  ten  square  chains  make  one  aere.\ 

The  French  nnits  of  land-measure  are  the  Are  =  100  square 
Metres  =  0-0247  acre  =  one  fortieth  of  an  acre,  nearly  ;  and  the 
Hectare  =  100  Ares  =  3"47  acres,  or  nearly  two  and  a  half.  Their 
old  land-measures  were  the  "  Arpent  of  Paris,"  containing  36,800 
square  feet ;  and  the  "  Arpent  of  Waters  and  Woods,"  containing 
55,000  square  feet. 

86.  When  the  content  of  a  piece  of  land  (obtained  by  any  of  the 
methods  to  be  explained  presently)  is  given  in  square  links,  as  is 

of  MmiM,  imagine  that  unequal  and  hilly  ground  will  oootdn  mora  hontet  than  a 
•urfaM  vliicb  ii  flat  and  lerel.  Thia,  however,  U  not  the  truth.  For,  the  houses,  be- 
ing raised  in  a  rertical  line,  larra  right  angles,  not  with  the  declivitj  of  the  ground,  but 
with  tbe  flat  Barfaoe  which  lies  below,  and  upon  which  the  hills  themseWes  also  Btaud* 

'  Tbe  lormer  from  cuU^Mtn,  a  knife,  as  if  the  hllll  were  sliced  off;  tbe  latter  so 
named  because  it  strips  off  or  unfolds,  as  it  were,  the  surface. 

\  Let  the  young  student  beware  of  confounding  10  square  chains  with  10  chaini 
Mjoaie.    The  ibrmer  m^e  one  acre  ;  the  Utter  space  contains  ten  acres. 
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cnstomsry,  ont  off  four  figures  on  the  right  (i.  e.,  diride  by  10,000) 
to  get  it  into  Bqaare  chains  and  decimal  parts  of  a  chain  ;  cut  off 
the  right-hand  figure  of  the  square  chains,,  and  the  remaining  flg- 
nres  will  be  Acres.  Multiply  the  remainder  by  4,  and  the  fignre,  if 
any,  outaide  of  the  new  deoimsl-point  will  he  Roods.  Multiply  the 
remainder  by  40,  and  the  oatBide  figures  will  be  Perches.  The 
nearest  maud  number  is  usually  taken  for  the  Perches  ;  fractions 
lees  than  a  half-perch  being  disregarded.* 

Thus,  8G-S3  square  oluuns  =  8  Acres  3  Booda  20  Perches. 

Also,    64-1818        do.  =  6  A.        IB.         27  P. 

"      43-7564       do.  =  4  A,       1  H.        80  P. 

87.  Chain  CorrMtioil.  When  a  survey  has  been  made,  and  the 
plat  has  been  drawn,  and  the  content  calcnlated ;  and  afterward 
the  chain  is  found  to  have  been  incorrect,  too  short  or  too  long, 
the  true  content  of  the  land  may  be  found  by  this  proportion : 
As  the  square  of  the  length  of  the  standard  given  by  the  incorrect 
chain  t^  to  the  square  of  the  true  length  of  the  standard,  so  is  the 
oalcolated  content  to  the  true  content  Thus,  suppose  that  the 
chain  used  had  been  so  stretched  that  the  standard  distance  meas- 
nred  by  it  appears  to  be  only  99  links  long  ;  and  that  a  eqnare  field 
had  been  measured  by  it,  each  side  containing  XO  of  these  long 
chains,  and  that  it  had  been  so  platted.  This  plat,  and  therefore 
the  content  calculated  from  it,  will  be  smaller  than  it  should  be, 
and  the  correct  content  will  be  found  by  the  proportion  99*  : 
100*  : :  100  square  chains  :  103-03  square  chains.  If  the  chain  bad 
been  stretched  so  as  to  be  101  true  links  long,  as  found  by  com- 
paring it  with  a  correct  chain,  the  content  would  be  given  by  this 
proportion :  100* :  101* : :  100  square  chains  :  lOS-01  square  chains. 
In  the  former  case,  the  elongation  of  the  chain  was  IjV  true  links ; 
and  100*  :  (101^)'  :  :  100  square  chains  :  103-03  square  chuns. 

S8.  Boundary-Unea.  The  lines  which  are  to  be  considered  aa 
bounding  the  land  to  be  surveyed  are  often  very  uncertain,  nnlesB 
specified  by  the  title-deeds. 

*  To  Ndoce  sqiikre  ;ardH  to  urea,  inBteBd  of  dindiag  bj  4,S40,  It  Ib  ea^r.  and 
ttrj  neari;  oon-eet,  to  nmltlplj  bj  ^  cut  oS  four  Ggurea,  and  add  to  tiiU  product  aw 
(tdnl  of  one  tenth  of  itaeU. 
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If  the  boQndar;  be  a  brook,  the  middle  of  it  is  usually  the 
boandary-line.  On  tide-watere,  the  land  la  naually  coosidered  to 
ertond  to  low-vater  mark. 

Where  hedges  and  ditches  are  the  bonndaries  of  fields,  as  is 
almost  oniTersally  the  case  in  England,  the  dividing  line  is  gen- 
erally the  top  edge  of  the  ditch  farthest  from  the  hedge,  both 
hedge  and  ditch  belonging  to  the  field  on  the  hedge  side.  This 
varies,  however,  vitb  the  cufitoms  of  the  locality.  From  three  to 
six  feet  from  the  roots  of  the  qaick-wood  of  the  hedges  are  allowed 
for  the  ditohes. 

Xethods  ot  Calculation, 

59.  The  various  methods  employed  in  calcnlating  the  content 
of  a  piece  of  gronod  may  be  reduced  to  four,  which  may  be  called 
Aritkmeiical,  Oeometrieal,  Instmvwnial,  aud  Trigonometrical. 

60.  PiBBT  Mbthod. — AetehMBTICALLT.  Fh-om  direct  measure- 
menta  of  the  necessartf  lines  on  the  ground. 

The  figures  to  be  calculated  by  this  method  may  be  either  the 
shapes  of  the  fields  which  are  measured,  or  those  into  which  the 
fields  can  be  divided  by  measuring  various  lines  across  them. 

The  familiar  rules  of  mensuration  for  the  principal  figures 
which  occur  in  practice  will  be  now  briefly  enunciated. 

61.  BMtang^  If  the  piece  of  gronnd  be  reotanpiJBr  in  shape,  its  con- 
tent is  foand  bj  moltiplf  ing  its  leugih  by  iis  breadth. 

62.  Trianglei.  When  the  f^ven  qnantitiea  are  one  side  of  a  triangle 
and  the  perpeadicolar  dietanoe  to  it  from  the  opposite  angle,  the  content  of 
the  triangle  is  equal  to  half  the  prodnot  of  the  side  and  the  perpendioalar. 

When  the  given  quantities  are  the  three  sides  of  the  triangle,  add  to- 
gether the  three  eidos  and  divide  the  sum  by  2 ;  from  this  half  sum  sob- 
tract  each  of  the  three  eides  in  tnm ;  mnltiply  together  the  half  sooi  and  the 
three  remj^ndere ;  take  the  square  root  of  the  prodaot ;  it  b  the  content  re- 
qnired.  It  the  sides  of  the  triangle  be  dengoatEd  bj  a,  i,  e,  and  their  sntn 
by  I,  this  rnle  will  give  its  area  =  Vtl*  (!■  ~  ") 

fto.8a.^  Ci«-6)(4«-c)]. 

When  two  sides  of  a  triangle  and  the  Incladed 
angle  are  i^ven,  its  content  eqoala  half  the  prod- 
uct of  its  sides  into  the  sine  of  the  inolnded  an- 
gle.   Designating  the  angles  of  the  triangle  by 
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the  capital  letters  A,  B,  C.aod  tbe  AAka  oppoHite  tliem  b]'  the  correspondiDg 
email  letters  a,  h,  c,  the  area  =  ^  J  e  sin.  A. 

WbeD  one  side  of  n  triangle  and  the  adjacent  angles  are  given,  its  content 
equals  the  square  of  tbe  given  ^de  mnltiplied  bj  the  sines  of  each  of  the 
given  angles,  and  divided  bj  twice  the  sine  of  tbe  sum  of  these  aagles.  Unng 

the  same  sTmbols  aa  befure,  the  area  =  a' ,    '.     fv,    '  „^  - 
a  sin.  (B  +  C) 

When  tbe  three  angles  of  a  triangle  and  its  altitade  are  given,  its  area,  re- 
ferring to  the  above  fignre,  =  1  B  D' ,  ~. 7-^. — =  , 

63.  PuraUdogTama,  or  four-nded  figures  whose  opposite  sides  are  par- 
allel. Tbe  content  of  a  Parallelogram  equals  the  product  of  one  of  its  sides 
b;  the  perpendicular  distance  between  it  and  the  side  parallel  to  iL 

64.  Trapuoidi^  or  foor-^ded  flgureB,  two  opposite  sides  of  which  are 
paralleL  Tbe  content  of  a  Trapezoid  eqnsls  half  the  prodact  of  the  sum  of 
the  parallel  aides  bj  the  perpendicular  distance  between  them. 

If  the  given  quantitjes  are  tbe  four  sides  a,  h,  e,  d,  of  which  b  and  d  are 
parallel ;  then,  makiog  q  =  Ha  +  b  +  e  —  d),  the  area  of  tbe  trapezoid 

•"'  =  r=-5  V  [J  («-«)  (J -')(«-»  + ffl- 

When  two  parallel  sides,  b  and  d,  and  a  third  side,  a,  are  given,  and  also 
the  angle  0,  which  this  third  side  makes  with  oue  of  tbe  parallel  sides,  then 

b  +  d 
tbe  content  of  the  trapezoid  =  -  .  a  .  sin.  C. 


65.  Trapezinini;  fonr-aided  figures,  none  of  whose  sides  are  parallel. 

A  verv  gross  error,  often  committed  as  to  this  figure,  is  to  take  the  over- 
age, or  half  sura  of  it*"  opponte  sides,  and  multiply  them  together  for  the 
area :  thus,  assuming  the  trapezinm  to  be  equivalent  to  a  rectangle  witfa 
these  averages  for  sides. 

In  practical  snrvejing,  it  is  usual  to  measure  a  line  across  it  from  corner 
to  corner,  thus  dividing  it  into  two  triangles,  whose  ades  are  known,  and 
wbich  can  therefore  be  calcalated  hj  Art.  62. 

Wh^n  tieo  oppotiU  tidet^  and  alt  tht  angle*  are  gheji,  take  one  side  and 
its  a^acent  angles  (or  their  supplements,  when  their  sum  exceeds  180°),  oon- 
rider  them  as  belongiug  to  a  triangle,  and  find  its  area  hy  tbe  second  formula 
in  Art.  02.  Do  the  same  with  the  other  side  and  its  adjacent  angles.  The 
difference  of  the  two  areas  will  be  tbe  ares  of  the  quadrilateral. 

When  three  ndei  and  their  two  included  angle*  are  given,  multiply  together 
the  sine  of  one  given  angle  and  its  adjncent  sides.  Do  the  same  with  tbe 
Mne  of  the  other  given  angle  and  its  adjacent  sides.  Maltipl;  together  the 
two  opposite  aides  and  the  sine  of  the  supplement  of  the  snm  of  the  given 
angles.  Add  together  the  first  two  products,  snd  add  also  the  last  product, 
if  the  sum  of  the  given  angles  is  more  than  130°,  or  subtract  it  if  this  sura  be 
lesa,  and  take  half  the  result.    Calling  tbe  given  rides  ji,  g,  r,  and  the  angle 
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betveen  p  and  ;  =  A ;  and  tbe  angle  between  q  and  r  =  B ;  the  area  of  the 
quadrilateral 

=  4  O .  J  Bin.  A  +  y  .  I- .  Bin.  B  ±  p  .  r  flin.  (180°  —  A  —  B)]. 
When  thefawr  tida  and  the  turn  of  any  tieo  oppotiU  angltt  are  giten,  pro- 
ceed thoB  r  Take  ball  tbe  sum  of  tbe  four  ^ven  sides,  and  from  it  snbtraot 
each  aide  in  turn.  Moltiplj  together  tlie  fonr  remainders,  and  reserve  the 
prodact.  Unltiplj  together  the  fonr  sides.  Take  half  their  product,  and 
mnlljply  it  bj  the  coaine  of  the  given  sam  of  the  angles  increased  b;  nnitjr. 
Regard  the  sign  of  the  cosine.  SabCract  this  prodnct  from  the  reserved 
product,  and  take  the  sqoare  root  of  the  remainder.  It  vrill  be  tbe  area  of 
the  qnadrjlateral. 

What  tht  /inir  tidst  and  the  anglt  ^  interteetion  of  ih«  diagonal*  oftht 
quadrilateral  are  given,  sqaare  each  ride ;  add  together  the  squares  of  the 
opporite  »defl ;  take  the  difference  of  tbe  two  sumB ;  multiply  it  b;  tbe  tan- 
gent of  the  angle  of  intersection,  and  divide  b;  fonr.  Tbe  quotient  will  t>e 
the  area. 

When  the  diagonale  qfthe  quadrilateral  and  their  inehided  angle  are 
fiten,  multiply  together  the  two  diagonala  and  tbe  ^e  of  their  included 
angle,  and  divide  by  two.    ^e  qnolient  will  be  tbe  area. 

66.  Secokd  Method.— OeoMBTSICALLT.  From  measurements 
oftht  necessary  lines  upon  the  plat. 

67.  DiTiiioE  into  Triajiglu.  The  plat  of  a  piece  of  gronnd 
haTing  been  drawn  from  the  meaanremeots  made  by  any  of  the 
methods  vhich  will  be  hereafter  explained,  lines  may  be  drawn 
apon  the  plat  so  as  to  divide  it  into  a  nnmber  of  triangles.  Fonr 
waye  of  doing  this  are  shown  in  the  fignres,  viz. :  by  drawing  lines 


from  one  comer  to  the  other  corners  ;  teom  a  point  in  one  of  the 
sides  to  the  comers  ;  from  a  point  inside  of  the  figure  to  the  cor- 
ners ;  and  from  various  comers  to  other  comers.  The  last  method 
is  nsnally  the  best.  The  lines  onght  to  be  drawn  so  as  to  make 
the  triangles  as  nearly  equilateral  as  possible. 

One  side  of  each  of  these  triangles,  and  tbe  length  of  the  peT> 
pendioolar  let  fall  npon  it,  being  then  measured,  the  content  of 
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these  triaagles  can  be  at  once  obtained  by  maltiplying  their  base  by 
their  altitude,  and  dividing  by  two. 

The  easiest  method  of  getting  the  length  of  the  perpendioalar,  without 
vsbaaHj  drawing  it,  is  to  set  one  point  of  the  dividera  at  the  angle  from 
which  a  perpendicular  is  to  be  let  fall,  and  to  open  and  ahnt  their  l^a  till  an 
arc  described  hj  the  other  point  will  Jnst  tonoh  the  oppoute  side. 

Otherwiee,  a  platting  ao&te  ma;  be  placed  so  that  the  lero-point  of  its 
edge  coincides  with  the  angle,  and  one  of  its  cross-llnea  ooinoides  with  the 
aide  to  which  a  perpendicular  is  to  be  drawn.  The  length  of  the  perpen- 
dicular can  then  at  unce  be  read  off. 

The  method  of  dividing  the  plat  into  trianglea  is  the  one  most  oommonlj 
enplojed  b;  Burve^ora  for  obtaining  the  content  of  a  sarrey,  becanse  of  the 
rimpUcit;  of  the  calculations  required.  Ita  correctness,  however,  is  depend* 
ent  on  tlie  accaracy  of  the  plat,  and  on  its  scale,  which  sbonld  be  as  large  aa 
possible.  Three  chains  to  an  Inoh  is  the  smallest  scale  allowed  by  the  Eng- 
lish Tithe  Commieuoners  for  plats  from  which  the  content  ia  to  be  de- 
termined. 

In  oalanlating  in  this  vnj  the  content  of  a  farm,  and  also  of  ita  separate 
fields,  the  sum  of  the  latter  onght  to  eqnal  (he  former.  A  difFerenoe  of  one 
three- hnndredth  (j^)  is  considered  allowable. 

Some  snrveyors  meaanre  the  perpendioolara  of  the  triangles  by  a  scale 
half  of  that  to  which  the  plat  is  mode.  Thna,  if  the  scale  of  the  plat  be  two 
chains  to  tbe  inch,  the  perpend ionlars  are  measured  with  a  aoale  of  one  chain 
to  tbe  inch.  The  prodnct  of  the  baae  by  the  perpendicular  thns  measnred, 
^vea  the  area  of  the  triangle  at  once,  without  its  requiring  to  be  divided 
by  two. 

Another  way  of  attuning  the  same  end,  with  less  danger  of  miatalcea,  is  to 
oonstrnct  a  n«c  soale  of  equal  parts,  longer  than  those  by  wtiiob  the  plat  was 
made  in  the  ratio  V^  i  1 ;  or  1-414  :  t.  When  the  base  and  perpendicnlar 
of  a  triangle  are  measured  by  this  new  scale,  and  then  mnltiplied  together, 
the  prodnot  wUI  be  the  content  of  the  triangle,  witbont  any  diviaion  by  two, 
Id  this  method  there  ia  the  additional  advantage  of  the  greater  rise  uid  con- 
sequent greater  distinctness  of  tbe  scale. 

When  the  meaanrement  of  a  plat  ia  made  some  time  after  it  baa  been 
drawn,  the  paper  will  very  probably  have  contracted  or  expanded  so  that 
tbe  scale  need  will  not  exactly  apply.  In  that  case  a  correction  is  neceaaary. 
Measure  very  prei^Iy  the  present  lenfrth  of  some  line  on  tbe  plat,  of  known 
length  ori^nally.  Then  make  this  proportion :  A*  the  square  of  tbe  present 
length  of  thie  line  u  to  the  square  of  Its  original  length,  «>  m  the  oontent 
obtained  by  the  preaent  measurement  tQ  the  trne  contenL 

68.  Orapkieal  Mvltiplwalion.  Prepare  a  strip  of  drawing-paper,  of  a 
width  exactly  equal  to  two  chains  on  the  scale  of  the  plat ;  i.  e.,  one  inch 
wide,  as  in  the  figure,  for  a  acale  of  two  chains  to  one  inoh ;  two  thirds  of  an 
Inch  wide  for  a  scale  of  ihree  chains ;  half  an  inch  for  fonr  chmna,  and  so  on. 
Draw  perpendicular  lines  across  the  paper  at  distanoea  representing  one  tenth 
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of  a  oliain  on  the  acale  of  the  trUngle  to  be  niewDred,  thus  making  a  plat- 
ting Bcole.  Apply  it  to  the  triangle  w>  th&t  one  edge  of  the  scale  eball  pass 
through  one  comer,  A,  of  the  triangle,  and  the  other  edge  through  another  cor- 
ner, B  ;  and  note  very  precieelf  what  divisioDa  of  the  scale  are  at  these  points. 
Theo  slide  the  scale  la  saob  a  way  that  the  points  oF  the  scale  which  had 
ooinoidpd  with  A  and  B  shall  always  remain  on  the  line  B  A  prodnoed,  till 
the  edg«)  arrives  at  the  point  0.    Then  will  A'  0 — that  is,  the  distanoe,  ot 

Fio.  40. 
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nmnber  of  divisions  on  the  scale,  from  the  point  to  which  the  division  A  on 
the  scsle  has  arrived,  to  the  third  corner  of  the  triangle — express  the  area  of 
the  triangle  A  B  O  In  square  cbsins. 

For,  from  0  draw  a  parallel  to  A  B,  meeting  the  edge  of  the  scale  in  0', 

and  draw  0'  B.  Tboa  the  given  triangle  A  B  C  =  A  B  C.  Bnt  the  area  of 
this  last  triangle  =  A  0'  Dinltiplied  by  half  the  width  of  the  scale,  i.  e., 
=  A  C  X  1  =  A  0'.  Bat,  becaase  of  the  parallels,  A'  C  =  A  C,  therefore 
the  area  of  the  given  triangle  A  B  0  =  A'  0 ;  i.  e.,  it  is  equal  in  square  chains 
to  the  number  of  linear  chain«  read  off  from  the  scale.  This  ingenioas  opera- 
tion is  doe  to  M.  Oovtinery, 

69.  Diviiion  into  Trapezoidi.     A  line  may  be  drawn  across  the 
field,  SB  in  Fig.  41,  and  perpendicnlars  drawn  to  it.     The  field 

Fio.  41.  Fi8.  *2. 
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will  thnB  be  divided  into  trapezoids  (excepting  a  triangle  at  eacb 
end),  and  their  content  can  be  calcalated  by  Art.  64. 

Otherwise  :  a  line  may  be  drawn  outside  of  the  figure,  and  per- 
pendicnlare  to  it  be  drawn  from  eacb  angle.  Id  that  case  the 
difference  between  the  trapezoids  formed  bj  lines  drawn  to  the 
outer  angles  of  the  figure,  and  those  drawn  io  the  inner  angles, 
will  be  the  content. 


70.  DiTinim  into  Sfuaiea.    Two  Rets  of  parallel  lioeB,  at  right  angles 
to  each  other,  ooe  chain  apart  (to  the  scale  of  the  plut)  ma;  be  drawn  over 
the  plat,  8o  OB  to  divide  H  into 
Fia.  48.  sqnares,   sa  in   the    figure.      The 

namber  of  sqnares  which  fall  with- 
in the  plat  represent  so  many 
square  diuos ;  and  the  trhmglee 
and  trapezoids  which  fall  ontade 
of  these  may  then  be  oalcnlatad 
and  added  to  the  entire  sqaare 
ohains  which  have  heen  coanted. 

Instead  of  drawing  the  parallel 
lines  on  the  plat,  thej  may  better 
he  drawn  on  a  piece  of  transparent 
"tracing-paper,"  which  ig  simply 
laid  npon  the  plat,  and  the  sqnarea 
connted  as  before.  The  same  pa- 
per will  answer  for  an;  nninber  of  plots  drawn  to  the  same  M^ale.  This 
method  is  a  valuable  and  ea?;  oheok  on  the  resnlts  of  other  calcalatJons. 

To  oaloulate  the  fractional  parts,  prepare  a  piece  of  tracing-paper,  or 
glass,  b;  drawing  on  it  one  square  of  the  same  size  as  a  square  of  the  plat, 
and  BobdiTiding  it,  by  two  sets  of  ten  parallels  at  right  angles  to  each  other, 
into  hnndredtbs.  This  will  measnre  tfae  fractions  reiuainiDg  from  the  former 
measnrement,  as  nearly  as  can  be  dedred. 
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71.  BlTisioil    into  FaraUelognma.    Draw  a  series  of  parallel  lines 
across  the  plat  at  equal  distances  depending  on  the  scale.    Thos,  for  a  plat 
made  to  a  scale  of  2  chains  to  1  inch,  the  distance 
between  the  parallels  ehonld  be  2^  inches;  for  a  y,„  ^ 

scale  of  8  chains  to  1  inch,  1^  inch ;  for  a  scale 
of  4  chains  to  1  inch.  \  inch ;  for  a  scale  of  6 
chains  to  1  inch,  -^  inch ;  and  for  any  scale,  make 
the  distance  between  the  parallels  that  fraction 
of  an  inoh  which  wonld  be  ezpreesed  by  10  divided 
by  the  sqnare  of  the  nnmber  of  chains  to  the  inch. 
Then  apply  a  common  inoh  scale,  divided  on  the 
edge  into  tenths,  to  these  parallels ;  and  every  inch 
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In  length  of  the  spaces  inoladad  between  eacb  pair  of  tbetn  wUI  be  «ii  sore, 
and  ever?  tentli  of  an  loch  will  be  a  square  chain. 

For,  calling  the  number  of  chuna  to  the  inch,  =  n,  and  making  the  width 
10  10  10 

between  the  parftUels  —  inch,  this  width  will  represent  —  x  n  =  —  chain*  ; 

and  aa  the  inoh  length  represents  n  obaina,  thdrprodnot,  —  x  n  =  10  tiinare 

chains  =  1  acre. 

To  measure  the  triangles  at  the  ends  of  the  strips  between  the  parallels, 
prepare  a  piece  of  glasa,  or  stoat  tracing-paper,  of  a  width  eqaal  to  tbe 
width  between  the  parttllela,  and  draw  a  line  through  its  middle  longltndi- 
nall7.  Apply  it  to  the  obliqne  line  at  the  end  of  the  space  between  two 
parallela,  and  it  wiU  bisect  the  line,  and  thus  redooe  the  triangle  to  an  equiva- 
lent rectangle,  as  at  A  in  the  figure.  When  an  angle  oooara  between  two 
parallels,  as  ftt  B  in  tbe  figure,  the  fraotion&l  part  may  be  measured  bj  mj 
of  tbe  preceding  methods. 

A  somewhat  rindlar  metbod  is  mnoh  used  by  some  sorrejo^'^  partioalarl; 
in  Ireland — the  plat  being  made  on  a  scale  of  5  ohdns  to  1  inoh,  parallel  lines 
being  drawn  on  it,  half  an  inch  apart,  and  the  diatanoes  along  the  parallels 
being  measured  bj  e.  scale,  each  large  division  of  which  is  ^  inch  in  length. 
Each  division  of  this  scale  iodicatea  ao  acre ;  for  it  represents  4  ohaina,  and 
tiie  distance  between  the  parallels  is  3^  ohdns.  Tbla  soale  is  called  tbe 
"  Scale  of  Acres." 

72.  Additim  of  Widtha.  When  the  lines  of  the  plat  are  terj  Irregn* 
larij  om-Tcd,  as  in  the  figure,  draw  across  it  a  nnralMr  of  eqnidiatut  lioea, 
sa  near  together  as  the  case  nuj 

seem  to  require.    Take  a  straight-  'M-  ^S- 

edged  piece  of  paper,  and  apply  one 

edge  of  it  to  the  middle  of  the  tlret 

apace,  and  mark  its  length  from  one 

end ;  apply  the  same  edge  to  the 

middle  of  tbe  next  space,  brining 

the  mark  jni>t  made  to  one  end,  and 

making  another  mark  at  the  end  of  tbe  addlticmal  length ;  ao  go  <m,  adding 

the  length  of  each  spioe  to  the  previoos  ones.    Wban  all  bare  been  tbtta 

measured,  tbe  total  length,  multiplied  by  the  anltbrm  width,  will  ^ve  the 

oout«iL 

73.  ThibD  HITHOD.— IhsTBVMBHTIIXT.  By  performing  e«r- 
tain  instrumental  operations  on  the  plat. 

74.  Reduction  of  a  many-sided  figure  to  a  single  equivalent 
triangle.  Any  plane  flgnre  bonnded  hj  straight  lines  nui;  be  re- 
dnoed  to  a  single  triangle,  which  shall  have  the  same  content. 
This  can  be  done  b;  any  iDStniment  for  drawing  parallel  lines. 


^dbvGoO^^k' 


44  LAND-aURVBTINO. 

Let  the  trapezinm,  or  four-eided  figure,  shown  in  Fig.  46,  be  »• 
quired  to  be  reduced  to  a  BUigle  equivalent  triangle.  Produce  one 
side  of  the  figure,  as  4 — 1. 
Draw  a  line  from  the  first  to  the 
third  angle  of  the  figure.  From 
the  second  angle  draw  a  parallel 
to  the  liue  just  drawn,  cutting 
the  produced  side  in  a  point  1'. 
From  the  point  1'  draw  a  line  to 
the  third  angle.  A  triangle  (1' — 
3  —  4  in  the  figure)  will  thus  be 
formed,  which  will  be  equivalent  to  the  original  trapezium. 

For,  the  fariangle  1  —  S — 3  taken  away  from  the  original  figure 
is  equivalent  to  the  triangle  1' — 1  — 3  added  to  it ;  becaoBe  both 
these  triangles  have  the  same  base  and  also  the  same  altitnde,  since 
the  vertices  of  both  lie  in  the  same  line  parallel  to  the  base. 
The  content  of  this 
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final  triangle  can  then 
be  found  by  measHr- 
tng  its  perpendicular, 
and  talcing  half  the 
prodnot  of  this  per- 
peodicnlar  by  the  base. 


Let  the  ^ven  &gata 
have  five  udea,  aa  in  Fig. 

47.  For  brevit/,  the  snglaa  of  the  figure  will  he  named  as  nambered  in  th« 
engraving.  ProdnoeG  — 1.  Join  I  —  S.  From  2  draw  a  parallel  to  1  —  8, 
ontting  the  prodac«d  base  in  1'.  Join  1' — 4.  From  8  draw  a  parallel  to  it, 
ontting  the  base  in  2'.  Join  2'— 4.  Then  will  the  triangle  3'— 4  — Bbe 
equivalent  to  the  Bve-sided  figare  1  —  2  —  8  —  4  —  5,  for  similar  reasoDS  to 
those  of  the  preoeding  case. 

Let  the  given  fignre  be  1  —  3—8  —  4  —  6  —  6  —  7  —  8,  as  ahown  in 
Fig.  48.  All  the  operatioDB  are  shown  by  dotted  lines,  and  the  finally 
remlting  triangle,  5' — 7  —  8,  is  equivalent  to  the  ori^nal  fignre  of  eight 

It  is  best,  la  chooeing  the  aide  to  be  prodaced,  to  take  one  which  has  a 
long  tide  adjoining  it  on  the  end  not  prodaced  ;  so  that  this  long  side  maj 
form  one  aide  of  the  final  triangle,  the  base  of  which  will  therefore  be 
ahorter,  and  will  not  be  cnt  so  acntel;  by  the  final  line  drawn,  aa  to  make 
the  p4Hnt  of  intersection  too  indefinite. 
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70.  Oenaral  Rule.  When  the  givea  fignre  has  many  sides,  witii 
angles  sometimes  salient  and  sometimes  re-entering,  the  operatiouB 
of  redaction  are  very  liable  to  errors  if  the  draughtsmaD  attempta 
to  reason  out  each  step.  All  difficnlties,  howerer,  will  be  removed 
by  the  following  General  Rule : 

1.  Produce  one  side  of  the  figure,  and  call  it  a  base.  Gall  one 
of  the  angles  at  the  base  the  first  angle,  and  number  the  rest  in 
regular  succession  around  the  figure. 

%.  Draw  a  line  from  the  Ist  angle  to  the  .3d  angle.  Draw  a 
parallel  to  it  from  the  2d  angle.  ~  Call  the  intersections  of  this 
pffi^lel  with  the  base  the  1st  mark. 

3.  Draw  a  line  from  the  1st  mark  to  the  4th  angle.  Draw  a 
parallel  to  it  from  the  3d  angle.  Its  intersection  with  the  base  is 
the  3d  mark. 

4.  Draw  a  line  from  the  3d  mark  to  the  6th  angle.  Draw  s 
parallel  to  it  from  the  4th  angle.  Its  intersection  with  the  base  is 
the  3d  mark. 

5.  In  general  terms,  which  apply  to  every  step  after  the  first, 
draw  a  line  from  the  last  mark  obtained  to  the  angle  whose  number 
is  greater  by  three  than  the  number  of  the  mark.  Draw  a  parallel 
to  it  through  the  angle  whose  number  is  greater  hy  two  than  that 
of  the  mark.  Its  intersection  with  the  hase  will  be  a  mark  whose 
number  is  greater  by  one  than  that  of  the  preceding  mark. 

In  the  concise  lauguagc  of  algebra,  draw  a  line  from  the  ntb 
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mark  to  the  n  -f-  3  angle.  Draw  a  parallel  to  it  through  the  n  -}*  ^ 
angle,  and  the  intersection  with  the  base  will  be  the  »  + 1  mark. 

6.  Bepeat  this  process  for  each  angle,  till  yon  get  a  mark  whose 
number  is  such  that  the  angle  having  a  nnmber  greater  by  three  is 
the  last  angle  of  the  tignre — ^i.  e.,  the  angle  at  the  other  end  of  the 
base.  Then  join  the  hist  mark  to  the  angle  which  precedes  the 
last  angle  in  the  figure,  and  the  triangle  thus  formed  will  be  the 
equivalent  triangle  leqaired. 

In  practice  it  is  unnecessary  to  actually  draw  the  lines  joining 
the  sncceseive  angles  and  marks,  bnt  the  parallel  mler  is  merely 
Imd  on  80  as  to  pass  through  tbem,  and  the  points  where  the  par- 
tdlels  out  the  base  are  alone  marked. 

7&  It  Ib  generally  more  ooDvenient  to  reduce  half  of  the  figure  on  one 

Bide  and  b&lf  on  the  other,  as  ib  shown  in 

fie.  4)^  Fig.  40,  which  repreaents  tbe  same  field 

]  OB  Fig.  47.     Tbe  eqniTalent  triangle  1* 

here  l'~8 — 2'. 

When  tbe  figare  haa  tnan;  angles,  they 
shonld  Qot  be  nnmbered  conaecatiTel;  all 
tbe  wa;  arunnd,  but,  after  tbe  nomberB 
bare  gone  around  as  far  oa  tbe  angle 
where  it  is  intended  to  have  the  vertex 
of  the  final  triangle,  the  niirnberB  shonld 
be  continued  from  the  other  angie  of  the 
base,  as  ia  shown  in  Fig.  50.  In  It  onlj 
tbe  intersections  are  marked. 
A  figare  with  onrved  honndsriea  maj  be  reduced  to  a  triangle  in  a  similar 
laimer.  Straight  lines  most  be  drawn  about  the  Sgore,  so  as  to  be  ps'tlj'  in 
Fia.  SO. 
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it  and  partlj  oat,  givloR  and  taking  about  eqaal  qnantitiea,  bo  that  the  figare 
whiob  these  lioee  form  Bhall  be  aboot  equivalent  to  the  omred  fignre.    This 


having  been  done,  tbe  equivalent  atraigbt-lined  figure  ia  rednced  by  the  aboTC 
metbod. 

It  is  iometiines  more  onnvenient  not  to  prodnne  one  of  the  FifcBS. 
ddes  of  the  figure,  bat  to  draw  at  one  end  of  it,  as  at  the  point 
1  in  Fig.  61,  an  indefinite  line,  nsaallj  a  perpend  ic alar,  to  a  line 
joining  two  diatntit  angles  of  the  figare,  and  make  this  line  the 
base  of  the  eqnivaleat  triangle  desired.  The  operation  is  shown 
by  the  dotted  lines  io  the  figare.  The  »ame  General  Rale  ap- 
plies to  it  as  to  the  previous  figures. 

77.  Special  Initmmenti,  A  Tsrietj  of  iuBti^meQte 
have  been  inveoted  for  the  pnrpose  of  determining 
areas  rapidly  and  correctly. 

One  of  the  simpleet  is  the  "  Computing  Settle,"  which  is  on 
the  same  principles  as  the  Method  of  Art  71.  It  is  repre- 
Bunted  in  Fig.  52.  It  coDsists  of  a  scale  divided  for  its  whole 
length  frora  the  zero'point  into  divisions,  each  representing 
Si  chains  to  the  scale  of  the  plat.  The  scale  carries  a  slider, 
which  moves  along  it,  and  has  a  wire  drawn  aorosB  its  center 
at  right  angles  to  the  edges  of  the  scale.  On  each  side  of  t^is 
wire  a  portion  of  the  slider,  equal  in  length  to  one  of  the 
primarj,  or  2)-  chain,  divisions  of  the  scale,  is  li^d  off  and  di- 
vided into  40  eqaal  parts. 

This  instniment  is  used  in  conoectJoD  with  a  sheet  of  trans- 
parent paper,  ruled  with  parallel  lines  at  distances  apart  each 
equal  to  one  chain  on  the  scale  of  the  plat.  It  is  plain  that 
when  the  instrument  is  laid  on  this  paper,  with  its  edge  on  one 
of  the  parallel  lines,  and  the  slider  is  moved  over  one  of  tbe 
divisions  of  2^  chains,  that  on«  rood,  or  a  quarter  of  an  acre, 
has  been  measured  between  two  of  the  parallel  tioee  on  the 
paper  (since  1 0  sqnare  chsins  make  one  acre) ;  and  that  one  of 
the  smaller  divisions  measures  one  perch  between  the  same 
parallels.  Four  of  the  larger  divisions  give  one  acre.  The  scale 
ii  generally  made  long  enongh  to  measure  at  once  five  acres. 
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To  apply  this  to  the  plat  of  a  field,  or  farm,  lay  the  tranaparent  paper 
over  it  in  sDch  a  posJtioD  that  two  of  the  nikd  lines  shall  tonoh  two  of  the 
exterior  poiate  of  the  booodaries,  as  at  A  and  B.  La;  the  scale,  with  the 
slide  set  to  zero,  on  the  paper,  in  a  direction  parallel  to  the  ruled  lines,  and 
so  that  the  wire  of  the  slide  oats  the  left-hand  obliqae  line  so  as  to  make  the 
spaces  e  and  d  about  equal.  Hold  the  scale  firm,  and  move  the  slider  till  the 
wire  cnts  tbe  rigbt-hand  oblique  line  in  such  a  v/a,j  as  to  eqnalize  tbe  spaces 
«  and/.  Without  changing  tbe  elide,  move  the  scale  down  the  width  of  a 
space  and  to  the  left-hand  end  of 
Fio.  63.  the  next  apace ;  be^Q  there  again, 

and  proceed  as  before. 

So  go  on,  till  the  whole  length 
of  tbe  scale  ia  run  out  (five  acrea 
having  been  measured),  and  then  be- 
gin at  the  righl^haod  side  and  work 
backward  to  the  left,  reading  the 
lower  dirisionB,  which  nm  np  to  10 
acres.  Bj  continning  this  process, 
the  content  of  plats  of  any  size  can 
he  obtained. 

A  still  simpler  substitute  for  this 
is  a  scale  umilarly  divided,  hut  with- 
out an  attaohed  slide.  In  place  of 
it  there  is  ased  a  piece  of  glass,  having  a  line  drawn  across  it  and  riveted  to 
the  end  of  a  short  scale  of  box-wood,  divided  like  the  former  slide.  It  ia 
used  like  the  former,  except  that,  at  starting,  the  zero  of  the  short  scale  and 
not  the  line  on  the  glass  is  made  to  coincide  with  tbe  zero  of  the  long 
scale.    The  slide  ia  to  be  held  fast  to  the  instrument  when  this  is  moved. 

78.  Planimetan,  These  determine  the  area  of  an;  figure, 
whether  bounded  by  straight  lines  or  carved,  by  merely  moving 
a  point  aroand  the  ontline  of  the  eurface.  This  caosee  motion  in 
a  train  of  wheel-work,  which  registers  the  algebraic  earn  of  the 
product  of  ordinatcB  to  every  point  in  that  perimeter,  by  the  incre- 
ment of  their  abscissas,  and  therefore  measures  the  incladed  space. 

There  are  several  varieties  of  these  instruments.  One  of  the 
best  of  them  is  Amslcr'a  Polar  Planimeter.  (For  descriptions  and 
theory  of  Planimetere,  see  "  Mechanical  Integrators,"  by  Henry 
6.  H.  Shaw.) 

79.  A  purely  mechanical  means  of  determining  the  area  of  any 
surface  by  means  of  its  wttght,  may  be  placed  here.  The  plat  ia 
cut  out  of  paper  and  weighed  by  a  delicate  balance.  The  weight 
of  a  rcctangalar  piece  of  the  same  paper  containing  Just  one  acre 
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18  also  found ;  and  the  "  Enle  of  Three  "  gives  the  content  A 
modification  of  this  is  to  paste  a  tracing  of  the  plat  on  thin  sheet- 
lead,  cat  out  the  lead  to  the  proper  lines  and  weigh  it. 

80.  FOUBTH  MeTBOD.— TUQOHOHBTBICALLT.  By  calculating, 
from  the  observed  angles  of  the  boundaries  of  the  piece  of  ground, 
the  lengths  of  the  lines  needed  for  calculating  the  content. 

This  method  is  employed  tor  surreys  made  with  angular  inetni- 
ments,  as  the  compass,  etc.,  in  order  to  obtain  the  content  of  the 
land  enrreyed,  without  the  necessity  of  previously  making  a  plat, 
thus  avoiding  both  that  trouble  and  the  inaccuracy  of  any  calcula- 
tions founded  upon  it.  It  is  therefore  the  most  accurate  method ; 
but  will  be  more  appropriately  explained  in  Part  I,  Chapter  III, 
ander  the  head  of  "Compass  Sorreying." 
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CHAPTER  a 

aBAIir-BimVSTINQ  ;   BTTHB  fIBST  Am)   SBCOND  MSTSODS  :    OB 
DIAGONAL  AND  PSBPENDICULAB  SUBVETINQ. 

8L  Thb  chain  alone  is  abandaQtly  enfficient,  vithoufc  the  aid 
of  any  other  instninient,  for  making  an  accurate  aarrey  of  any 
snrfaoe,  whatever  its  shape  or  size,  particularly  in  a  district  tolera- 
bly level  and  clear.  Moreover,  since  a  chain,  or  some  Bnbstitute 
(or  it,  formed  of  a  rope,  of  leather  driving-reins,  etc.,  can  be  ob- 
tained by  any  one  in  the  moet  secluded  place,  this  method  of  anr- 
veying  deserrea  more  attention  than  has  nsnall;  been  given  to  lb 

BVBVIYXHa  BT  DIAGOVAXS :  OB  BT  THK  FIB8T  KBTHOD. 

82.  Surveying  by  Diagonals  is  an  application  of  the  First 
Method  of  determining  the  position  of  a  point,  given  in  Art.  3,  to 
which  the  student  should  again  refer.  Each  comer  of  the  field  or 
farm  which  is  to  be  surveyed  is  "  determined "  by  measnring  its 
distanoes  from  two  other  points.  The  field  is  then  "  platted"  by 
repeating  tiiis  process  on  paper,  for  each  comer,  in  a  contrary  or- 
der, and  the  "content  "is  obtained  by  some  of  the  methods  ex- 
plained in  Ohapter  I. 

The  lines  which  are  measured  in  order  to  determine  the  cor- 
ners of  the  field  are  usually  aides  and  diagonals  of  the  irregolar 
polygon  which  is  to  be  surveyed.  They  therefore  divide  it  up  into 
triangles ;  whence  this  mode  of  surveying  is  sometimes  called 
"Chain  Trlangulation." 

A  few  examples  will  make  the  principle  and  practice  perfectly 
clear.  Each  will  be  seen  to  require  the  three  operations  of  measur- 
ing, platting,  and  calculating. 
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A  thne-ilded  Md;  aa  'S\%.  fi4. 

FUld-wori.    Meaanre  tbe  three  aides,  AB,  BO,  and  0  A.    Ueaaare  »1bo, 
M  a  proof-line,  the  diitanoe  from  one  of  the  oomere,  as  0,  to  sotne  point  in 
the  opposite  aide,  as  D,  at  wliioh  a  mark  ahoald 
have  been  left,  when  meaauring  fn»n  A  to  B,  Fie.  M. 

at  a  known  diatanoe  from  A.  A  stick  or  twig, 
with  a  alit  in  its  top,  to  reoeire  a  piece  of  paper 
with  the  distance  from  A  marked  on  it,  ia  die 
most  convenient  mark. 

Plaaing.  Ohooae  a  anitable  acale.  Then 
draw  a  line  equal  in  length,  on  the  chosen  acale,  to  one  of  the  sidea ;  A  B, 
for  example.  Take  in  the  compasses  the  length  of  another  side,  as  A  0,  to 
the  same  scale,  and  with  one  leg  in  A  as  a  center,  describe  on  arc  of  a  circle. 
Take  the  length  of  the  third  aide,  B  0,  and,  with  B  as  a  center,  describe  an- 
other  arc,  intersecting  tbe  first  arc  in  a  point  which  will  be  the  third  oomer 
O.  Draw  the  lioes  A  0  and  B  0 ;  and  ABC  wiH  be  the  plat,  or  miniatore 
oopy  of  tbe  field  BurTCyed. 

Instead  of  describing  two  arcs  to  get  the  point  0,  two  pairs  of  oompaaaea 
may  be  conveniently  nsed.  Open  them  to  the  lengths,  reepectively,  of  the 
last  two  sidea.  Put  one  foot  of  each  at  tbe  ends  of  the  first  aide,  and  bring 
their  other  feet  together,  and  their  point  of  roeeting  will  mark  the  desired 
third  point  of  the  triangle. 

To  "  prove  "  the  aoonraoy  of  the  work,  flx  the  point  D,  by  aetting  off  from 
A  the  proper  distance,  and  meaanre  the  length  of  the  line  DO.  If  ita  length 
on  the  put  oorreaponils  to  its  measorement  on  the  gronnd,  tbe  work  ia  cor- 
rect. 

It  ia  a  naiverssl  principle,  in  sU  sarvejing  operations,  that  the  work  moat 
be  tested  by  some  meana  iadepeadent  of  the  original  proceea,  and  that  the 
same  result  mnst  be  arrived  at  by  two  different  methods.  Tbe  necessary 
length  of  this  proof-Iiae  can  also  eauly  be  calculated  by  the  principles  of 
trigonometr?. 

Caleulaticn.  The  content  of  the  field  may  now  be  fonnd,  either  from 
the  three  eides,  or  more  easily  though  not  so  aconrately,  by  measaring  on 
the  plat,  tbe  length  of  tbe  perpendioalar  0  E,  let  fall  from  any  angle  to  the 
opposite  side,  and  taking  half  the  prodoot  of  these  two  lines. 

EtampU  1.  Fig.  54  is  the  plat,  on  a  scale  of  two  chains  to  one  inch, 
of  afielil,  of  which  the  side  A  Bis  SOO  links,  BO  is  100  links,  and  AOblSO 
links.  Ita  content,  by  the  ntle  of  Art.  GS,  ii  0'72S  of  a  square  chain,  or 
0  A.  OR,  12  P.  If  the  perpendionlar  0  B  be  aocnrately  meaanred,  it  will  be 
found  to  be  72i  links.  Half  the  prodaot  of  this  perpendionlar  by  the  base 
will  be  fonnd  to  give  the  aame  content. 

Ex.  2.  The  three  ndea  of  a  triangalar  field  are  respectively  89'80,  64*08, 
and4C-98.    Beqnired  ita  content.  An*.  100  A.  OR.  10 P. 

A  ftnriided  field;  aa  Fig.  cs. 

FUtd-wori.  Measure  tbe  four  tides.  Meaanre  also  a  diagonal,  as  A  0, 
thoe  dividing  the  foor-aided  field  into  two  triangles.  Ueasare  alto  the  other 
diagonal,  or  B  D,  for  a  "  proot-line." 

Platting,    Draw  a  line,  as  A  O,  eqnal  in  length  to  tbe  diagonal,  to  any 
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Bo&Ie.    On  esoh  Aie  of  it  oonBtmot  a  triangle  with  the  side*  of  tfae  field,  as 
dtreoted  above. 

To  prove  the  acoDracf  of  the  work,  measDre  on  tlie  plat  tlie  length  of 
the  "proof-line,"  BD,  and  if  it 
Via-  U-  agrees  with  the  length  of  the  Mine 

line  ineasared  on  the  groond,  the 
field-work  and  platting  are  both 
proved  to  be  correct. 

Calculation.  VSaA  the  content 
of  each  triangle  Beparatel/,  ae  in 
the  preoeding  case,  and  add  them 
together;  or,  more  briefl;,  mnl- 
tiply  either  diagonal  (the  longer 
one  fB  preferable)  bj  the  Bum  of  the  two  perpendionlara,  and  divide  the  prod- 
net  bj  two. 

Otherwise :  reduce  the  fonr-tdded  figure  to  one  triangle,  as  In  Art.  74 ;  or, 
nse  anj  of  the  methods  of  the  preoeding  chapter. 

Ek,  8.  In  the  field  drawn  in  Fig.  60,  on  a  Boale  of  8  chains  to  the  inch, 
AB  =  688  links,  BO  =  310,  0  D  =  430,  D  A  =  2T4,  the  diagonal  A C=  636, 
and  the  proof  diagonal  B  D  =  600.  The  total  content  will  be  1  A.  0  R.  1?  P. 
3k.  4.  The  rides  of  a  four-aided  field  are  A  B  =  ia'41,  B  G  =  6-86,  OD 
=  8-26,  DA  =4-24;  the  diagonal  BD  =  11'06,  and  the  proof-line  AO 
=  1 1-04.     Reqnired  the  content      '  Ant.  4  A.  3  R.  88  P. 

Ex.  6.  The  aides  of  a  toar-sided  field  are  as  follows;  AB  =  8-96,  BO 
=  G'8S,  OD  =  10-10,  DA  =  6-64;  the  diagmal  from  A  to  0  is  11'62;  the 
proof  diagonal  from  B  to  D  is  10-92.     Beqoired  the  content        Am. 

Ex.  9.  In  a foor-Mded  field,  A B  =  768,  B 0  =  4'OS,  0 D  =  10-64,  D A 
=  7-84,  AO  =  I0-82,  BD  =  10-74.    Reqnired  the  oontent  A^i*. 

A  many-aided  field,  as  Fig.  66. 
^tid-ttork,    Ueasore  all  the  sides  of  the  field.    Measnre  also  diagonals 

Fto.  SS. 
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•Doogli  to  divide  tbe  field  into  triangles,  of  wbioh  there  will  ftlwa;s  b«  two 
less  than  tbe  namber  of  udea.  Oboaae  suob  diagonals  as  will  divide  tbe 
field  into  triangles  as  nearl]'  equilateral  as  posrable.  Ueasare  also  one  or  more 
diagonals  for  "  proof-lines."  it  is  well  for  the  surveyor  bitnaelf  to  place 
stakes  in  advance  at  all  tbe  comers  of  the  field,  aa  he  can  then  select  the 
beat  mode  of  division. 

Platting,  Begin  with  any  diagonal  and  plat  one  triangle.  Plat  a  sec- 
ond triangle  adJoiniDg  the  first  one.  Flat  anotiier  ailjacent  triangle,  and  so 
prooeed  till  all  have  been  laid  down  in  their  proper  places.  Meaaore  tbe 
proof-lines  as  before. 

GaU^latiim.  Proceed  to  oalcnlate  the  content  of  the  figure,  precisely  as 
directed  for  the  four-sided  field,  meaanriog  the  perpendiculars  and  calculating 
the  content  of  each  triangle  in  turn ;  or  talcing  in  pairs  those  on  oppoeite 
sides  of  tbe  same  diagonal;  or  using  some  of  the  other  methods  which  have 
been  explained. 

Ex.  1.  The  six-sided  field,  shown  in  Fig.  G6,  has  the  lengths  of  its  lines, 
in  chains  and  links,  written  upon  theru,  and  is  divided  into  four  triangles, 
by  three  diagonals.  The  diagonal  B  E  is  a  "  proof-line."  The  figure  is  drawn 
to  a  scale  of  4  chains  to  tlie  inch.    The  content  of  the  field  is  G  A.  8  R.  22  P. 

Ex.  8.  In  a  five-uded  field,  the  lengths  of  the  sides  are  a*  follows :  A  B 
=  2-69,  B0=  1-23,  OD  =  2-82,  D  E  =  856,  EA  =  3'23.  The  diagonals 
are  A  D  =  4-81,  B  D  =  8-88.    PCeqnired  its  content  An*. 

A  field  may  be  divided  ap  into  trian^es,  not  only  by  measuring  diagonals 
as  in  the  last  figure,  but  bj  an;  of  the  methods  showu  in  tbe  four  figures  of 
Art.  67.  Tbe  one  which  we  have  been  employing  oorreaponda  to  the  last  of 
those  fignres. 

8m]  another  mode  may  be  used  when  the  angles  can  not  be  seen  from 
one  another,  or  fh>m  any  one  point  within.  Take  two  or  more  convenient 
points  within  the  field,  and  measure  from  ihvca  to  the  corners,  and  tbos 
form  different  sets  of  triangles. 

Keeping  the  ^eld-Notea. 

83.  By  Sketch.  The  moat  simple  method  ia  to  make  a  sketch 
of  the  field,  as  nearly  correct  as  the  anassisted  hand  and  eye  can 
prodace,  and  note  down  on  it  the  lengths  of  all  the  lines,  as  in 
Fig,  66.  But  when  many  other  points  require  to  be  noted,  each  as 
There  fences,  or  roads,  or  streams  are  crossed  in  the  measnrement, 
or  any  other  additional  particulars,  the  sketch  woold  become  con- 
fused, and  be  likely  to  lead  to  mistakes  in  the  stibseqnent  platting 
from  it.  The  following  is  therefore  the  nsnal  method  of  keeping 
the  field-notes.     A  long,  narrow  book  is  most  convenient  for  it. 

84.  Lt  Coliiiiiiil.  Draw  two  parallel  lines,  about  an  inch  apart 
from  the  bottom  to  the  top  of  the  page  of  the  field-book,  as 
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in  the  margin.  This  column,  or  pair  of  liaes,  maj 
be  couoeived  to  lepreeent  the  measured  line,  split  in 
two,  its  two  halves  beiag  then  separated,  an  inch 
apart,  merely  for  convenience,  so  that  the  distancea 
measured  along  the  line  ma;  be  written  between  these 
halves. 

Hold  the  book  in   the  direction  of  the  measure- 
ment    At  the  bottom  of  the  page  write  down  the 
name,  or  number,  or  letter,  which  represents  the  station  at  whiob 
the  survey  is  to  begin. 

I  A 

A  "  station  "  is  marked  with  a  triangle  or  circle, 
as  in  the  margin.     The  latt«r  is  more  easily  made.        /~\ 

In  the  complicated  cases,  which  will  be  hereafter  explained,  and 
in  which  one  long  base-line  is  measured,  and  also  many  other  sub- 
ordinate lines,  it  will  be  well,  as  a  help  to  the  memory,  to  mark  the 
stations  on  the  base-line  with  a  triangle,  and  the  stations  on  the 
other  lines  with  the  ordinary  circle. 

The  station  from  which  the   measure-  Q      /o  B 

ments  are  made  is  osoally  put  on  the  left 
'  of  the  column ;  and  the  station  which  is 
measured  to,  is  pat  on  the  right.  From  A 

But  it  is  more  compact,  and   avoids  interfering 
with  the  notes  of  "offsets"  (to  be  explained  here-  I 
after),  to  write  the  name  or  number  of  the  station  in 
the  column,  as  in  the  margin. 

The  measurements  to  different  points  of  a  line  are 
written  above  one  Miother,  The  numbers  all  refer 
to  the  beginning  of  the  line,  and  are  counted  from 
it. 

The  end  of  a  measured  line  is  marked  by  a  line  drawn  across 
the  page  above  tlie  numbers  whiob  indicate  the  measurementa 
which  have  been  made. 

If  the  chaining  doea  not  continue  along  the  adjoining  line,  but 
the  chain-men  go  to  some  other  part  of  the  field  to  begin  another 
meaanrement,  two  lines  are  drawn  across  the  page. 
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When  a  line  bae  been  measured,  the  martts 
r  or  T  are  made  to  show  whether  the  following 
line  turns  to  the  right  or  to  the  left. 

A  line  is  named,  either  by  the  names  of  the  sta- 
tions between  which  it  is  measured,  as  the  line 
A  B  ;  or  by  its  length,  a  line  663  links  long,  being 
called  the  Hue  563  ;  or  it  is  recorded  as  Line  tSo.  1, 
line  No.  3,  etc. ;  or  as  Line  on  page  1,  3,  etc., 
of  the  field-book. 

When  a  mark  is  left  at  any  point  of  a  line,  as 
at  J),  in  Fig.  49,  with  the  intention  of  coming  back 
to  it  again,  in  order  to  measure  to  some  other  point, 
the  place  marked  is  called  a  Falss  Station,  and 
is  marked  in  the  field-book  "F.  S." ;  or  has  a  line 
drawn  around  it,  to  distinguish  it ;  or  has  a  sta- 
tion mark  a  placed  outside  of  the  column,  to  the 
right  or  left,  according  to  the  direction  in  which 
the  measuremeut  from  it  is  to  be  made.  Examples 
of  these  three  modes  are  given  in  the  margin. 

A  false  station  is  named  by  its  position  on  the 
line  where  it  belongs  ;  as  tlius — "  300  on  563 

When  a  gate  occurs  in  a  measured  line,  the  distance  from  the 
beginning  of  the  line  to  the  side  of  the  gate  first  reached  is  the 
one  noted. 

When  the  measured  line  crosses  a  fence,  brook, 
road,  etc.,  tbey  are  drawn  on  the  field-notes  in 
their  true  direction,  as  nearly  as  possible,  but  not 
in  a  continnous  line  across  the  column,  as  in  the 
first  figure  in  the  margin,  but  as  in  the  second 
figare,  so  that  the  two  parts  would  form  a  con- 
tinnous straight. line,  if  the  halves  of  the  "split 
line  "  were  brought  together. 

It  is  convenient  to  name  the  lines  in  the  mar- 
gin as  being  Sides,  Diagonals,  Proof-lines,  etc. 

6$,  The  field-notes  of  the  triangaliu-  field  platted  in  Pig.  64  are  given 
below,  aooording  to  both  the  methods  menlJoDed  in  the  preceding  ar- 
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86.  The  fleld-notea  of  the  rorvey  platted  in  Mg,  CO  are  given  belov 
rbtt7  begin  at  the  bottom  of  the  left-hand  oolnmn. 
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87.  SuTwying  hy  Tie-Unet  is  a  modiScation  of  tlie  method 
explained  in  the  last  chapter.  It  freqnentlj  happeos  that  it  is 
impoeeibte  to  measare  the  diagonak  of  a  field  of  man;  erides,  in 
consequence  of  obstaclea  to  measaremeots,  each  as  woode,  water, 
faonses,  etc  In  each  caseB,  "  tie-Unes "  (bo  called  becanse  they 
tie  the  aides  together)  are  employed  as  anbstitotea  for  diagonals. 

Thus,  in  the  foar-sided  field  shown  in  the  tia.  S7. 

ffgnre,  the  diagonals  can  not  be  measured 
because  of  woods  intervening.  As  a  Enbsti- 
tnte,  measare  off  from  any  convenient  comer 
of  the  field,  as  B,  any  distancee,  BE,  BF, 
along  the  sides  of  the  field.  Keasnre  also  ^ 
the  "  tie-line  "  E  F.     Measare   all   the  sides  of  the  field  as  nsnal. 

To  plat  this  field,  constract  the  triangle  B  E  F,  as  in  Art  8%. 
Prodnce  the  aides  B  £  and  B  F,  till  they  become  respectively  eqnal 
to  B  A  and  B  C,  as  measured  on  the  groand.  Then,  with  A  and  0 
as  centers,  and  with  radii  respectively  equal  to  AD  and  CD, 
describe  arcs,  whose  intersection  will  be  D,  the  remaining  comer 
of  the  field. 

88.  It  thaa  appears  that  one  tie-line  is  snfllcient  to  determioe  a 
fonr-sided  field,  two  a  five-aided  field,  and  so  on.  Bnt,  aa  a  check 
on  errors,  it  ia  better  to  measnre  a  tie-line  for  each  angle,  and  the 
agreement,  in  the  plat,  of  all  the  measaremeuts  will  prove  the  ao- 
enracy  of  the  whole  work. 

Since  any  inaocnraoy  in  the  length  of  a  tie-line  is  increased  in 
proportion  to  the  greater  length  of  the  sides  which  it  fixes,  the  tie- 
lines  should  be  measured  as  far  from  the  point  of  meeting  of  these 
ndea  as  possible — that  is,  they  should  be  as  long  as  possible. 
The  radical  defect  of  the  system  ia  that  it  is  "  working  from  less 
to  greater"  (which  is  the  exact  converse  of  the 
true  principle),  thus  magnifying  inaccuracies  at 
every  step. 

A  tie-line  may  also  be  employed  as  a  "  proof* 
line,"  in  the  place  of  a  diagonal,  and  tested  in 
the  same  manner. 
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If  an;  angle  of  the  field  is  re-entering,  aa  at  B  in  the  flgnre^ 
meaenre  a  tie-line  across  the  salient  angle  ABO. 


89.  Obain-An^H.  It  is  convenient,  though  not  i 
measure  eqaol  distances  along  the  sides :  BE,  B F,  in  Fig.  57, 
and  B  A,  B  C,  in  Fig.  58.  "  Chain-angles  "  are  thus  formed.  To 
reduce  "chain-angles"  to  dc^^reee  and  minutee,  eee  Art.  28. 


ria.s>. 


90.  InaooeMlble  Areai.  The  method  of  tie-linea  can  be  ^)plied 
to  measuring  fields  vhich  can  not  be  entered. 

Thus,  in  the  figure,  A  B  C  D  is  an  inaccessible  wooded  field,  of 
four  sides.  To  survey  it,  measure  all  the 
sides,  and  at  any  corner,  as  D,  mearare 
any  distance  DE,  in  the  line  of  AD 
produced.  Measnre  also  another  distance 
D  F  in  the  line  of  G  D  prodnced.  Meas- 
ure  the  tie-line  E  F,  and  the  figure  can 
be  platted  as  in  the  case  of  the  field  of 
Fig.  57,  the  sides  of  the  triangle  being  prodnced  in  the  contrary 
direction. 

The  same  end  would  be  attained  by  prolonging  only  one  side,  as 
shown  at  the  angle  A  of  the  same  figure,  and  measuring  A  O,  AH, 
and  G  H.  It  is  better,  in  both  cases,  to  tie  aJ2  the  angles  in  a 
similar  manner. 

This  method  may  be  applied  to  a  figure  of  any  number  of  sides 
by  prolonging  as  many  of  them  as  are  necessary ;  all  of  them,  if 
possible. 


91.  If  the  ades  0  D  and  A  D  were  pro- 
longed by  their  full  length,  the  content  of 
the  figure  could  be  calculated  without  any  plat ; 
for  the  new  triangle  D  E  F  would  equal  the 
triangle  D  A  0,  and  the  sides  of  the  triangle 
A  C  B  would  then  he  known. 

This  principle  may  be  extended  sttll  fur- 
ther. For  a  five-eided  field,  as  in  Fig.  60,  pro- 
duce two  pairs  of  sides,   a  distance  equal  to 
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their  length,  forming  two  new  triangles,  as  shown  by  the  dotted 
Unee,  and  measnre  the  sides  B'  D'  and  A'  D".     The  three  sidea  <A 
each  of  these  triangles  will  thus  be  known, 
and  also  the  three  sides  of  the  triangle  BAD, 
aince  A  D  =  A'  D",  and  B  D  =  B'  D'. 

The  method  of  this  article  may  he  em- 
ployed for  a  figure  of  six  sides,  as  shown  in 
Fig.  61  (in  which  the  dotted  lines  within 
the  wooded  field  hare  their  lengths  deter- 
mined by  the  triangles  formed  outside  of  it), 
bnt  not  for  figures  of  a  greater  number  of  sides, 

HUBVUYUIQ  BT  PKBPENSIOULASS ;  OB  BT  TEB  ESOOHS 
KBTHOD. 

98.  The  method  of  Surveying  by  Perpendiculars  is  founded 
on  the  Second  Method  of  determining  the  position  of  a  point, 
explained  in  Art.  4.  It  is  applied  in  two  ways,  either  to  mak- 
ing a  complete  surrey  by  "Diagonals  and  Perpendtculart,"  or  to 
measuring  a  crooked  boundary  by  "Offsets."  Each  will  be  con- 
sidered in  tarn. 

The  best  method  of  getting  perpendicnlate  on  the  ground  must, 
however,  be  first  explained, 
na.  SL 

To  set  out  PerpendloulAXB. 
93.  Snrreyoi'a  CroM.  The  simplest  instrument  foi 
this  purpose  is  the  Surveyor's  Cross,  or  Cross-Staff, 
shown  in  the  figure.  It  coDsists  of  a  block  of  wood, 
of  any  shape,  having  In  it  two  saw-cnts,  made  very 
precisely  at  right  angles  to  each  other,  about  half  an 
inch  deep,  and  with  center-bit  holes  made  at  the  bot- 
tom of  the  cnte  to  assist  in  finding  the  objects.  This 
block  is  fixed  on  a  pointed  staff,  on  which  it  can  turn 
freely,  and  which  should  be  precisely  6  links  (63^  inches) 
long,  for  the  convenience  of  short  measurements. 

To  use  the  croaa-etaff  to  erect  a  perpendiculfu*,  set 
it  at  the  point  of  the  line  at  which  a  perpendicular  is 
wanted.     Turn  its  head  till,  on   looking  through  one 
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saw-ent,  you  see  the  ends  of  the  line.  Then  will  the  other  aaw- 
out  point  out  the  direction  of  the  perpendicular,  and  thus  guide 
the  meaeurement  deeiied. 

To  find  where  a  perpendicular  to  the  line,  from  some  object,  as 
a  comer  of  a  field,  a  tree,  etc.,  would  meet  the  line,  eet  np  the 
croBB-ataff  at  a  point  of  the  line  which  seems  to  the  e;e  to  be  about 
the  spot.  Koto  about  how  far  from  the  object  the  perpendicular 
at  this  point  strikes,  and  move  the  cross-staff  that  distance ;  and 
repeat  the  operation  till  the  correct  spot  ie  found. 

M.  To  teat  the  accuracy  of  the  instniment,  sight  through  one 

slit  to  some  point  A,  and  place  a  stake  B 

•^  **■   B   P  g      in   the  line  of  sight  of  the  other  slit. 

\  I  /         Then  tarn  Its  head  a  quarter  of  the  way 

\\l         around,  so  that  the  second  slit,  looked 

through,  points  to  A.     Then  see  if  the 

other  slit  coYers  B  again,  as  it  will  if 

correct.     If  it  does  not  do  so,  but  sights 

to  some  other  point,  as  B',  the  apparent  error  is  double  the  real 

one,  for  it  now  points  as  far  to  the  right  of  the  true  point  0  as  it 

did  before  to  its  left. 

This  is  the  first  example  we  have  had  of  the  invaluable  prin- 
ciple of  Seversion,  which  is  used  in  almost  every  test  of  the  accu- 
racy of  surveying  and  astronomical  instrumeuts,  its  peculiar  merit 
being  that  it  doubles  the  real  error,  and  thus  makes  it  twice  as  easy 
to  perceive  and  correct  it. 

The  instroment,  in  its  most  finished  form,  is  made  of  a  hollow 
brass  cylinder,  which  has  two  pairs  of  slits  exactly  opposite  to  each 
other,  one  of  each  pur  being  narrow  and  the  other  wide,  with  a 
botse-hair  stretched  from  the  top  to  the  bottom  of  the  latter.  It  is 
also,  sometimes,  made  with  eight  faces,  and  two  more 
pairs  of  slits  added,  so  as  to  set  off  half  a  right 
angle. 

Another  form  is  a  hollow  brass  sphere,  as  in  the 
figure.  This  enables  the  surveyor  to  set  off  perpen- 
dtcolars  on  very  steep  slopes. 

Another  form  of  the  surveyor's  cross  consists  of 


^dbvGoO^^lc 


aURVETINO  £7  PERPENDICULARS.  61 

two  pairs  of  plain  "  Sights,"  each  shaped  as  in  the  fig-     Fio^es. 
are,  placed  at  the  ends  of  two  bars  at   right  angles  to 
each   other.      The  slit,   and    the   opening    with    a    hair 
stretched  from  ita  top  to  its  bottom,  are  respectively  at 
the  top  of  one  sight  and  at  the  bottom  of  the  oppoeite 
sight.*    This  is  nsed  in  the  same  manner  as  the  preced- 
ing form,  bnt  is  less  portable,  and  more  liable  to  get  out  of  order. 
A  temporary  substitute  for  these  instmments  may 
Fio.  68.        jjg  made  by  sticking  four  pins  into  the  comers  of  a 
/\        sqnare  piece  of  board,  and   sighting  across  thero,  in 
le tI     the  direction  of  the  line  and  at  right  angles  to  it 

s/ 

95.  Optical  Sqaare.     The  most  convenient  and  ac- 
curate instrament  is,  however,  the  Optical  Square.     The  fignrea 
give  a  perspective  view  of  it,  and  also  a  plan  with  the  lid  re- 
moved.    It  is  a  small  circular  box, 
containing  a  strip  of  looking-glass, 
from  the  upper  half  of  which   the 
silvering  ia  removed.     This  glass  is 
placed  so  as  to  make  precisely  half 
a  right  angle  with  the  line  of  sight, 
which  passes  through  a  slit  on  one 
side  of  the  box,  and  a  vertical  hair 
stretched  across  the  opening  on  the 

other  side,  or  a  mark  on  the  glass.  / 

The  box  is  held  in  tbe  hand  over      b  % 

the  spot  where  the  perpendicular  is 
desired  (a  plumb-line  in  the  hand 
will  give  perfect  accuracy),  and  the 
observer  applies  his  eye  to  the  slit 
A,  looking  through  the  upper  or 
unsilvered  part  of  the  glass,  and 

turns  the  box  till  he  sees  the  other  end  of  the  line  B,  through  the 
opening  C.  The  assistant,  with  a  rod,  moves  along  in  the  direc- 
tion where  the  perpendicular  is  desired,  being  seen  in  the  silvered 

"  The  French  call  (he  lurrDw  opening  itiUtUm,  and  tbe  wide  one  eriAttt, 
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parte  of  the  glass,  by  reflectioB  through  the  openiDg  D,  till  hia 
rod,  at  £,  is  seen  to  coincide  with,  or  to  be  exactly  under,  the  ob- 
ject B.  Then  is  the  line  D  £  at  right  angles  to  the  line  A  B,  by 
the  optical  principle  of  the  equality  of  the  angles  of  incidence  and 
reflection. 

To  find  where  a  perpendioalar  from  a  distant  object  would 
strike  the  line,  walk  along  the  line,  with  the  instrument  to  the 
eye,  till  the  image  of  the  object  is  seen,  in  the  silTerM  part  of  the 
glass,  to  coincide  with  the  direction  of  the  line  seen  through  the 
nnsilvered  parL 

The  instrument  may  be  tested  by  sighting  along  the  perpen- 
dioalar, and  fixing  a  point  in  the  original  line,  od  the  principle  of 
"reTersion." 

The  Burreyor  can  make  it  for  himself,  fastening  the  glass  in  the 
box  by  four  aognlar  pieces  of  cork,  and  adjnstiiig  it  by  cutting 
away  the  cork  on  one  side,  and  introducing  wedges  on  the  other 
side.     The  box  should  be  blackened  inside. 

Another  form  of  the  optical  square  contains  two  glasses,  fixed 
at  an  angle  of  45°,  and  giving  a  right  angle  on  the  principle  of  the 
sextant. 

Perpendiculars  maybe  set  oat  with  the  chain  alone,  by  a  varie^ 
of  methods.  These  methods  generally  consist  in  performing  on 
the  gronnd,  the  operations  executed  on  paper  in  practical  geome- 
try, the  chain  being  osed,  in  the  place  of  the  compasses,  to  describe 
the  necessary  arcs. 

As  these  operations,  however,  are  less  often  used  for  the  method 
uf  surveying  now  to  be  explained,  than  for  overcoming  obstacles  to 
measnremeDt,  it  will  be  more  convenient  to  consider  them  in  that 
connection. 

Dt^^oaals  and  PeipeBdlealars. 

96.  We  have  seen  in  the  preceding  pages  that  plats  of  surveys, 
made  vrith  the  chain  alone,  have  their  contents  most  easily  de- 
termined by  measuring,  on  the  plat,  the  perpend  icnlars  of  each  of 
the  triangles,  into  which  the  diagonals  measured  on  the  ground 
have  divided  the  field.  In  the  Method  of  SarveyiTig  by  Diagonals 
and  Perpendiculars,  now  to  be  explained,  the  perpendiculars  are 
measured  on  ike  ground.     The  content  of  the  field  can,  therefore. 


^dbvGoO^^k' 


SURVBYIIfG  BY  PERPENDIOULARS.  68 

be  found  at  nnoe  (by  adding  together  the  half  products  of  each 
perpendicnisr  by  the  diagonal  on  which  it  is  let  fall),  without  the 
necessity  of  previouBly  making  a  plat,  or  of  meaenriDg  the  sides  of 
'the  field.  This  is,  therefore,  the  most  rapid  and  easy  method  of 
sarveying  when  the  content  alone  is  required,  and  is  particalarly 
applicable  to  the  measurement  of  the  ground  occupied  by  crops, 
for  the  purpose  of  determiDing  the  aamber  of  boshels  grown  to  the 
acre,  the  amount  to  be  paid  for  mowing  by  the  acre,  etc 

A  Three  aided  Fi«UL    Ueuore  the  longest  tide,  u  A  B,  and  the  perpen- 
dioular,  0  D,  let  fall  on  it  from  the  opposite  angle 
0.    Then  the  content  is  eqasi  to  half  the  product  Aa-  6>- 

of  the  side  by  the  perpeodioular.  If  otwtaoles  pre- 
▼ent  thia,  find  the  point,  where  a  perpendicular  let 
fall  from  an  allele,  as  A,  to  the  oppoute  side  pro- 
duced, as  B  0,  would  meet  it,  as  at  E  in  the  flgore. 
Then  half  the  prodnct  of  A  E  by  0  B  te  the  oonient 
of  the  triangle. 

A  Tour^ided  Tield.     Measure  the  diagonal  AO. 
points  on  this  diagonal  at  which  perpcndicalar 


fia.  S». 


Leare  marks  at  the 
1  from  B  and  from  D  wonld 
meet  it,  finding  these  points  by  trial, 
as  prerioQsl;  directed.  The  beet  marks 
at  ihese  "  false  stations"  have  been  de- 
aciibed.  Retam  to  these  false  stations 
and  measure  the  perpendicolara.  When 
these  perpendiculars  are  measured  be- 
fore finishing  the  measuremput  of  th« 
diagonal,  great  care  is  necessary  to 
STuid  making  mistakes  in  the  length  of 
the  diagonal,  when  the  chunmen  return 
D  to  continue    its    meaaarement      One 

cheok  is  to  leave  at  the  mark  as  manj 
pins  OS  have  been  taken  up  b;  the  hind-ohatnman  in  coming  to  that  pmnt 
from  the  beginning  of  the  line. 

£).  e.    Reqnired  the  content  of  the  field  of  Fig.  69.    An*.  0  A.  S  R  39  P. 
The  field  ma;  be  platted  from  these  measorementa,  if  de»red,  but  with 
more  liability  to  inaccuracy  than  in  the  flrat  method,  in  which  the  eidea  are 
meaanred.    The  plat  of  the  fignre  is  three  chains  to  one  inch. 

The  field-notes  may  be  taken  by  writing  the  messorements  on  a  sketch, 
as  in  the  figure;  or,  in  more  complicated  cases,  by  the  ootnmn  method,  as 
below.  A  new  ^mbol  may  be  employed,  this  mark,  |-  ,  or  H,  to  show  the 
false  station,  from  which  a  perpendicnisr  is  to  be  measured. 
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f    From  300  (W  480 

no 

F.S. 

g    From  380  on  *80 

176 
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1                              H 
t                   FromK 

480 
380 
200 

o 

toQ 

^x.  10 

ABC 
ADU 

480  X  110  =  29400 

480  X  175  =  42000 

$q.  chain*  6 '8400 

Aertt  0-B84 

It  b  still  e&fder  to  take  the  ttro 
trungles  together;  mntti plying  the 
diagonal  by  the  sam  of  tbe  perpeo- 
dionlara  and  dividing  bj  two. 

A  Kany-dded  Fiftld.    Yi%.  70  and  the  accompanying  field-notes  repre- 
int  the  field  which  was  sarve^ed  by  the  first  method  and  platted  in  Fig.  S8. 
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4-98 
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PromC 

T-76 
1-60 
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JVWB  A 

11-43 
0-46 
4-OS 
O 

too 

1- 

J^.  11.  (floatation.  The  oon< 
tent  of  the  triangles  mof  be  expressed 
thus: 

tq.lhl. 

ABC  =  J  X  1U3  X  367  =  152457 

AEO  =  ^  X  1142  X  493  =  281508 

CDE  =  J  X    775  X  368  ^    980S7 

AEF  =  Jx    787  X  164=    56749 

*g.  ehaini  588746 

Aeret  688746 

or,  6  A.  8  E.  33  P. 

The  first  two  triangles  might  huve 
been  taken  together,  as  in  the  previous 
field. 

Content  calcnlated  from  the  per- 
pendicnlars  will  generally  vary  alightly 
from  that  obtained  by  measaring  on 
the  plat. 


A  small  field  which  has  many  udea  may  sometimes  be  conveniently  snr- 
Teyed  by  taking  one  diagonal  and  measuring  the  perpendicnlars  let  fall  on  it 
from  each  angle  of  the  field,  and  thns  dividing  the  whole  area  into  triangles 
and  trapezoids,  as  in  Fig.  41. 

The  line  on  which  the  perpendicolars  are  to  be  let  fall  may  also  be  ont- 
side  of  the  field,  as  in  Fig.  43. 

Snch  a  survey  can  be  platted  very  readily,  bnt  the  length  of  the  perpen- 
(Ucnlsrs  renders  the  plat  less  accnrate. 

This  prooednre  sopplics  a  transition  to  the  method  of  "  oHsets,"  which  is 
explained  in  tlio  next  article. 
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Ottsets. 
97.  Offsets  are  abort  perpeodiculars,  measured  from  s  atraigfat 
line,  to  the  angles  of  a  crooked  or  zigzag  line  near  which  the 
Btraight  line  rans.     Thus,   in   the  jf^^  ^ j_ 

figure,  let  A  C  D  B  be  s  crooked  C  n 

fence,  bounding  one  side  of  a  field. 
Chain  along  the  straight  line  A  B, 
which  mns  from  one  end  of  the  fence  to  the  other,  and,  when 
opposite  each  comer,  note  the  distance  from  the  beginning,  or  the 
point  A,  and  also  measure  and  note  the  perpendicular  distance  of 
each  corner  C  and  D  from  the  line. 
These  corners  will  then  be  "  determiued  " 
by  the  Second  Method,  Art.  4- 

The  field-notes,  corresponding  to  Fig. 
71,  are  as  in  the  margin.  The  measure- 
ments along  the  line  are  written  in  the 
column,  as  before,  counting  from  the  be< 
ginning  of  the  line,  and  the  offsets  are 
written  beside  it,  on  the  right  or  left, 
opposite  the  distance  at  which  thej  are 
taken.  A  sketch  of  the  crooked  line  is 
also  nsnally  made  in  the  field-notes,  though  not  absolutely  neces- 
sary in  so  simple  a  case  as  this.     The  letters  C  and  D  would  not  be 


AvmA  0 


U>B 
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nsed  in  praottce,  bat  are  here  inserted  to  show  the  .connection 
between  the  fidd-notee  and  the  plat. 

In  taking  the  fleld-notes,  the  widths  of  the  o&ets  ehonld  not 
be  drawn  proportionally  to  the  diBtances  between  them,  but  the 
breadths  ahonld  be  greatly  exaggerated  in  proportion  to  the 
lengths. 

A  more  extended  example,  with  a  little  different  notation,  is 
given  below.  In  the  figure,  which  ie  on  a  scale  of  eight  chains  to 
one  inch  for  the  diatancee  along  the  line,  the  breadths  of  the  ofFaets 
are  exaggerated  to  four  times  their  tme  proportional  dimensions. 


The  plat  and  field-notes  of  the  position  of  two  hooses,  deter- 
mined by  offsets,  are  given  above  on  a  scale  of  two  chains  to  one 
inch  : 

Double  offsets  are  sometimes  convenient ;  and  sometimes  triple 
and  qaadmple  ones.  Below  are  given  the  notes  and  the  plat,  one 
chain  to  one  inch,  of  a  road  of  varying  width,  both  sides  of  which 
are  determined  by  double  offsets.  It  will  be  seen  that  the  line  A  B 
crosses  one  side  of  the  road  at  160  links  from  A,  and  the  other  side 
of  it  at  220. 

Two  methods  of  keeping  the  field-notes  are  given.  In  the  first 
form,  the  offsets  to  each  side  of  the  road  are  given  separately  and 
connected  by  the  sign  -|-.  In  the  second  form,  the  total  distance 
of  the  second  offset  is  given,  and  the  two  measnremente  connected 
by  the  word  "to."  This  is  easier  both  for  measaring  and  plat- 
fcisg. 
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O&ets  may  generally  be  taken  with  BiifiBcieiit  aocnracy  by 
measaring  them, as  nearly  at  right  angles  to  the  base-line  as  the 
eye  can  estimate.  The  snireyor  ehonld  stand  by  the  chain,  facing 
the  fence,  at  the  place  which  he  thinks  opposite  to  the  corner  to 
which  he  wishes  to  take  an  oSaet,  and  measnte  "square"  to  it  by 
the  eye,  which  a  little  practice  will  enable  him  to  do  with  mncli 
correotnees. 

The  offsets  may  be  measnred,  if  short,  with  an  Of  set-staff,  a 
light  stick,  10  or  15  links  in  length,  and  divided  accordingly  ;  or, 
if  they  are  long,  with  a  tape.  They  are  generally  bat  a  few  links 
in  length.  A  chain's  length  should  be  the  extreme  limit,  as  laid 
down  by  the  English  "Tithe  Commissioners,"  and  that  should  be 
employed  only  in  exceptional  cases.  When  the  "cross-staff"  is  in 
use,  its  divided  length  of  8  links  renders  the  offset-staff  needless. 

When  offsets  are  to  be  taken,  the  method  of  chaining  to  the  end 
of  a  line  (described  in  Art  18)  is  somewhat  modified.  After  the 
leader  arrives  at  the  end  of  the  line,  he  shonld  draw  on  the  chain 
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till  the  follover,  with  the  back  end  of  the  chain,  reaches  the  last 
pin  set  This  facilitates  the  coautlng  of  the  links  to  the  places 
at  which  the  oSsetfl  are  taken. 

The  offsets  are  to  be  taken  to  every  angle  of  the  fence  or  other 
crooked  line ;  that  is,  to  every  point  where  it  changes  its  direction. 
These  angles  or  prominent  bends  can  be  best  found  by  one  of  the 
party  walking  along  the  crooked  fence  and  directing  another  at  the 
chain  what  points  to  measure  opposite  to.  If  the  line  which  ie  to 
be  thus  determined  is  curved,  the  offsets  should  be  taken  to  pointe 
so  near  each  other  that  the  portions  of  the  cnrved  line  lying  be- 
tween them  may,  withont  much  error,  be  regarded  as  straight.  It 
will  be  most  convenient,  for  the  subsequent  calculations,  to  take 
the  ofbets  at  equal  distances  apart  along  the  straight  line  from 
which  they  are  measured. 

In  the  case  of  a  crooked  brook,  such  as  is  shown  in  the  figure 
given  below,  offsets  should  be  taken  to  the  most  prominent  angles, 
such  as  are  marked  a  a  a  in  the  figure,  and  the  intermediate  bends 
may  be  merely  sketohed  by  the  eye. 


When  ofbets  from  lines  measured  aronnd  a  field  are  taken  in- 
side of  these  bonnding  lines,  they  are  sometimes  distinguished  as 
insets. 

68.  Fkttlng.  The  most  rapid  method  of  platting  the  offsets 
is  by  the  use  of  a  Platting  ScaU  (described  in  Art.  47)  and  an  Off- 
set Scale,  which  is  a  short  scale  divided  on  its  edges  like  a  platting 
scale,  but  having  its  zero  in  the  middle,  as  in  the  figure. 

The  platting  scale  is  placed  parallel  to  the  line,  with  its  zero- 
point  opposite  to  the  beginning  of  the  line.  The  offset  scale  is 
slid  along  the  platting  scale,  till  its  edge  comes  to  a  distance  on 
the  latter  at  which  an  oftset  had  been  taken,  the  length  of  which  is 
marked  off  vrith  a  needle-point  from  the  offset  scale.     This  is  then 
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slid  on  to  the  neit  distance,  and  the  operation  is  repeated.     If  one 
person  reads  off  the  field-notes,  and  another  plats,  the  operation 


will  be  greatly  facilitated.  The  points  thus  obtained  are  joined  by 
straight  lines,  and  a  miniatare  copy  of  the  curved  line  is  thns  ob- 
tained ;  all  the  operations  of  the  platting  being  merely  repetitions 
of  the  measarements  made  on  the  ground. 

If  no  offset  scale  is  at  hand,  make  one  of  a  strip  of  thick  draw- 
ing-paper, or  pasteboard  ;  or  use  the  platting  scale  itself,  tamed 
croBSways,  having  previously  marked  off  from  it  the  points  from 
which  the  offsets  had  been  taken. 

In  plats  made  on  a  small  scale,  the  shorter  offsets  are  best  esti- 
mated by  the  eye. 

On  the  ordnance  survey  of  Ireland,  the  platting  of  offsets  was 
facilitated  by  the  use  of  a  combination  of  the  offset  scale  and  the 
platting  scale,  the  former  being  made  to  slide  in  a  groove  in  the 
latter,  at  right  angles  to  it. 

98.  CalfflilatiTig  Content  When  the  crooked  line  determined  by 
offsets  is  the  boundary  of  a  field,  the  content,  inclosed  between  it 
and  the  straight  line  surveyed,  most  be  determined,  that  it  may 
be  added  to,  or  sabtracted  from,  the  content  of  the  field  bounded 
by  the  straight  lines.  There  are  various  methods  of  effecting 
this. 

The  ares  inclosed  between  the  straight  and  the  crooked  lines  is 
divided  up  by  the  offsets  into  triangles  and  trapezoids,  the  content 
of  which  may  be  calculated  separately  and  then  added  together. 
The  content  of  the  plat  on  page  65  will,  therefore,  be  1500 -|- 
4135 -{- 625  =  6250  square  links  =  0-{i25  square  chain.     The  con- 
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teDt  of  the  plat  on  page  66  will  in  like  maoaer  be  fonnd  to  be,  <m 
the  left  of  the  straight  line,  30,000  square  links,  and  on  ita  right, 
5,000  eqaare  links. 

100,  When  the  offsets  have  been  taken  at  equal  distances,  the 
content  may  be  more  easily  obtained  by  adding  together  half  of 
the  first  and  of  the  last  oSaei,  and  all  the  intermediate  ones,  and 
multiplying  the  sum  by  one  of  the  equal  distances  between  the 
offeets.  This  rule  is  merely  an  abbreviation  of  the  preceding 
one. 

Thus,  in  the  plat  of  page  66,  the  distances  being  eqnal,  the  con- 
tent of  the  o&eta  on  the  left  of  the  straight  line  will  be  ISO  x  S60 
=  30,000  square  links,  and  on  the  right,  30  x  250  =  5,000  sqnare 
links ;  the  same  results  as  before. 

When  the  line  determined  by  the  offsets  is  a  onrred  line, 
"Simpson's  rule "  gives  the  content  mora  accurately.  To  employ 
it,  an  even  number  of  equcd  distances  must  have  been  measured 
in  the  parii  to  be  calculated.  Then  add  together  the  first  and  last 
offset,  four  times  the  sum  of  the  even  offsets  (i.  e.,  the  3d,  4th,  6th, 
eta),  and  twice  the  sum  of  the  odd  offsets  (i.  e.,  the  3d,  5th,  7th, 
etc.),  not  including  the  first  and  the  last.  Multiply  the  sum  by 
one  of  the  equal  distances  between  the  offsets,  and  divide  by  3. 
The  quotient  will  be  the  araa. 

£5e.  12.  The  offsets  from  a  straight  line  to  a  curved  fence 
were  8,  9,  11,  16,  16,  14,  9,  links,  at  equal  distances  of  fi  links. 
What  was  the  content  included  between  the  curved  fence  and  the 
straight  line  ?  Ans.  371-666. 

101.  Equalizing,  or  giving  and  tahing,  is  an  approximate  mode 
of  calculation  much  used  by  practical  surveyors.     A  crooked  line. 


determined  by  offsets,  having  been  platted,  a  straight  line  is  dnwn 
on  the  plat,  across  the  crooked  line,  leaving  aa  much  space  outside 
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of  the  straight  line  aa  inaide  of  it,  ae  DOarlj  aa  can  be  estimated  by 
the  eye,  "eqnalizing"  it,  or  "giving  and  taking"  equal  portions. 
The  straight  line  is  best  determined  b;  laying  aoroaa  the  irregular 
outline  the  etraight  edge  bf  a  piece  of  transparent  horn,  or  tracing- 
paper,  or  glass,  or  a  fine  thread  or  horse-hair  stretched  straight  by 
a  light  bov  of  whalebone.  In  practical  hands,  this  method  is  suffi- 
ciently accurate  in  most  cases.  The  student  will  do  well  to  try  it 
on  figures,  the  content  of  which  he  has  preyionsly  ascert^ned  by 
perfectly  accurate  methods. 

SUJiVKVlUa  BT  XHB  PBBOZDZHO  METHODS  OOMBINXD. 

102.  All  the  methoda  which  bare  been  explained  in  the  pre- 
ceding sections — surveying  by  Diagonals,  by  Tie-lines,  and  by 
Perpendiculars,  particularly  in  the  form  of  offsets — are  frequently 
required  io  the  same  surrey.  The  method  by  Dtagonala  should  be 
the  leading  one  ;  in  some  parts  of  the  snrvey  obstacles  to  the  meas- 
arements  of  diagonal  may  require  the  use  of  Tie-lines;  and,  if 
the  fences  are  crooked,  straight  lines  are  to  be  measured  near  them, 
and  their  crooks  determined  by  Offsets. 

Offsets  are  necessary  additions  to  almost  every  other  method  of 
surveying.  In  the  smallest  field  surveyed  by  diagonals,  unless  all 
the  fences  are  perfectly  straight  lines,  their  bends  must  be  deter- 
mined by  offsets.  The  plat  (scale  of  one  chain  to  one  inch)  and 
field-notes  of  such  a  case  are  given  below.  A  sufficient  number  of 
the  sides,  diagonals,  and  proof-lines,  to  prove  the  work,  should  be 
platted  before  platting  the  offsets. 
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lOS.  7i«ld-Bookft  The  difficult;  and  the  importance  of  keep- 
ing the  field-notes  clearly  and  distinctly  increase  with  each  nev 
combination  of  methods.  For  this  reafion,  three  different  methods 
of  keeping  the  field-notes  of  the  same  anrrey  will  now  be  given 
(from  Bourn's  "Surveying"),  and  a  careful  comparison  by  the 
Btudent  of  the  corresponding  portions  of  each  will  be  very  profit- 
able to  him: 
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Fuld-Book  Ha  1. 
Fia.W. 


I^ld-Sooh  No.  1  (Fig.  79)  shows  the  Sketch  method,  explained 
1  Art.  83. 


Digitized  bvGoO^^IC 


LAND-anRVETlNO. 


Fi«ld-Book  Vo.  S. 
Fib.  80. 


'  &M0 

3480 
3080 

2300 


761) 
ISO  ~ 


GZO 
260 


{  Viw) 


uso 

120D 

1020 

eso 


\ 


1180 

mo 

X 
700 


626 
580 


Field-Booh  No.  3  (Pig. 
plained  in  Art.  84. 


I  shows  the  Colamn  method,  ex< 
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Tield-Book  Ko.  3. 

Fio.  Bl. 


FieUt-Sooh  No.  3  (Fig.  81)  is  a  conTenient  oombioation  of  tbe 
tiro  preceding  methods.  The  bottom  of  the  book  is  at  the  side  of 
this  figure,  at  A. 
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101  InaooeHible  Areaa.    A  combination  of  offsets  and  tie-linee 
supplies    an    easy    method    of 
*■  surveying  an  inaccessible  area, 

such  as  a  pond,  swamp,  forest, 
block  of  houses,  et«.,  as  appears 
from  the  figure,  in  which  exter- 
nal bounding  lines  are  taken  at 
will  and  measured,  and  tied 
by  "tie-lines"  measured  be- 
tween these  Hues,  prolon^red 
when  necessary,  while  offsets 
from  them  determine  the  irregnlsrities  of  tbe  actual  boundaries  of 
the  pond,  etc. 

These  offsets  are  insets,  and  their  content  is,  of  course,  to  be 
sabtracted  from  the  content  of  the  principal  figure. 
Even  a  circular  field  might  thus 

be  approximately  measured  from  the  ,. — ^^^ 1— '.- , 

outside.  \x  -^ 

If  the  shape  of  the  field  admits      /^^y.  fV ! 

of  it,  it  will  be  preferable  to  measure      n^  :  %  y'! 

four  lines  about  the  field  in  such  di-  t\  U^-  - 

rections  as  to  inclose  it  in  a  rectan- -  ' "  "^^ — '^^' "" 

gle,  and  to  measnre  offsets  from  the  sides  of  this  to  the  angles  of 
the  field. 

OBSTAOZ^BB  TO  MEAStmSlCEirr  IK  CHAIK-UUltVEyiNa. 

lOS.  In  the  practice  of  the  various  methods  of  surveying 
which  have  been  explained,  the  hills  and  valleys  which  are  to  be 
crossed,  the  sheets  of  water  which  are  to  be  passed  over,  the  woods 
and  houses  which  are  to  be  gone  through— all  these  form  obstacles 
to  the  measurement  of  the  necessary  lines  which  are  to  join  certain 
points,  or  to  be  prolonged  in  the  same  direction.  Many  special 
precautions  and  contrivances  are  therefore  rendered  necessary; 
and  the  best  methods  to  be  employed,  when  the  chain  alone  is  to 
be  used,  will  now  be  given. 

These  methods  for  overcoming  the  various  obstacles  met  with 
in  practice  constitute  a  Land-Geometry.     Its  problems  are  per- 
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formed  on  the  gronnd  instead  of  on  paper ;  its  compasses  are  a 
chain  fixed  at  one  end  and  free  to  awing  around  vith  the  other ; 
its  scale  is  the  chain  itaelf ;  and  its  ruler  is  the  same  chain 
stretched  tight.  Ite  advantages  are  that  its  single  instrument 
(or  a  substitute  for  it,  such  as  a  tape,  a  rope,  etc.)  cau  he 
found  anyvhere  ;  and  its  only  auxiliaries  are  equally  easy  to  ob- 
tain, being  a  few  straight  and  slender  rodis,  and  a  plumb-line, 
for  which  a  pebble  suspended  by  a  thread  is  a  sufficient  substi- 
tute. 

Many  of  these  problems  require  the  employment  of  perpendicu- 
lar and  parallel  lines.  For  this  reason  we  will  commence  with  this 
class  of  problems. 

The  demonstrations  of  most  of  these  problems  will  be  left  aa 
exercises  for  the  student. 

The  elegant  "Theory  of  TransrersalB "  (Appendix  B)  will  be 
Ml  important  element  in  some  of  these  demonstrations. 

FroblBms  on  Perpendicalars.* 
Problem  1.     To  erect  a  perpendicular  at  any  point  of  a  line. 

106.  First  Method.  Let  A  be  the  point  at  which  a  perpen- 
dicular to  the  line  is  to  be  set  out.  Meas- 
ure ofl  equal  distances  AB,  AC,  on  each  Fio.^- 
side  of  the  point.  Take  a  portion  of  the 
chain  not  quite  1^  time  as  long  as  A  B  or 
AG,  fix  one  end  of  this  at  B,  and  describe 
an  arc  with  the  other  end.  Do  the  same 
from  C.  The  intersection  of  these  arcs  will 
fix  a  point  D,  AD  will  be  the  perpendicu- 
lar required.     Repeat  the  operation  on  the  other  side  of  the  line. 

*  Many  ot  UieM  methodi  would  NUom  be  reqaired  In  practice,  bat  caws  wnno- 
tiroM  occur,  u  ererj  Barrcjor  of  mnch  experlmee  In  fleld-vorit  haa  fmmd  to  hli  lerU 
oug  inconvenience,  in  vUdi  aome  pecaliarity  of  the  ioctl  drcumstancca  forbids  any 
of  tbe  usual  methods  being  applied.  In  iucb  cases  the  collection  here  given  wiU  be 
found  of  great  value. 

Id  all  the  flgares,  the  given  and  mesanred  lines  are  draim  with  fine  fult  llnea,  tbe 
visual  linea,  or  lines  of  sight,  with  broken  lines,  and  the  lines  of  the  result  with  bcav; 
fall  lines.  The  points  which  are  cenUrs  around  which  the  chdn  is  swung  are  in- 
cloaed  In  oirclei.  The  alphabetical  order  of  the  letlen  attached  to  the  points  shows 
in  what  order  tbej  are  taken. 
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If  that  is  impossible,   repeat  it  on  the  eame  side  with  a  diSerant 
length  of  chain. 


Fm.  as. 


107.  Seeond  Method,  lleaanre  off  as  before,  equal  diatanoes  A  B,  A  0, 
but  each  aboat  only  one  third  of  the  ohuo.  Fasten 
the  endB  of  the  chain  with  two  pina  at  B  and  0. 
Stretch  it  out  on  one  side  of  the  line  and  pnt  a  pin 
at  the  middle  of  it,  D.  Do  the  aame  on  the  other 
dde  of  the  line,  and  eet  a  pin  at  E.  Then  ia  D  £  a 
perpendicalar  to  B  C.  If  it  ia  impossible  to  perform 
the  operation  on  both  aides  of  the  line,  repeat  it 
on  the  same  ride  with  a  different  length  of  chain, 
as  shown  b;  the  lines  BF  and  CF  in   the  figure, 


ao  as  to  get  a  second  point. 


108.  Oth»r  Method*.     All  the  methods  to  b 
m  maj  be  apphed  to  this. 


I  given  for  the  next  prob- 


Problem  2,  To  erect  a  perpendicular  to  a  tine  at  a  given 
point,  when  the  point  is  at  or  near  the  end  of  the  line. 

109.  Mrst  Method.  Ueaaare  40  links  along  the  line.  Let  one 
asaiBtant  hold  one  end  of  the  chain  at 

that  point ;  let  a  second  hold  the  80-  '"'  ^ 

link  mark  vhich  is  nearest  the  other 
end,  at  the  given  point  A,  and  let  a 
third  take  the  50-link  mark,  and 
tighten  the  chain,  drawing  equally  on 
hoth  portions  of  it.  Then  will  the 
50  link  mark  be  in  the  perpendicn-  "  " 
lar  desired.  Repeat  the  operation  on 
the  other  side  of  the  line  so  as  to  test  the  work. 

The  above  nnmbers  are  the  most  easily  remembered,  but  the 
longer  the  lines  measured  the  better ;  and  nearly  the  whole  chain 
may  be  nsed  ;  thns  :  Fix  down  the  36th  link  from  one  end  at  A, 
and  the  4th  link  from  the  same  end  on  the  line  at  B.  Fix  the 
other  end  of  the  chain  also  at  B.  Take  the  40th-link  mark  from 
this  last  end,  and  draw  the  chain  tight,  and  this  mark  will  be  in 
the  perpendionlar  desired.  The  sides  of  the  triangle  formed  by 
the  chain  will  be  24,  33,  and  40. 
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110.   Otherwise  :  QBing   a   60-feet  Fie.  87. 

tape,  hold  tho  16-feet  mark  at  A; 
hold  the  48-feet  mark  and  the  ring- 
end  of  the  tape  together  on  the  line ; 
take  the  SS-feet  mark  of  the  tape,  and 
draw  it  tight;  then  will  tiie  2d-feet 
mark  be  in  the  perpendioolar  desired. 


111.  Second  Method,    Hold  one  end  of  the  chain  at  A  and  fix 
^_  ...  ^^  other  end  at  a  point  B,  taken  at  wiU. 

Swing  the  chain  around  B  as  a  center,  till  it 
again  meets  the  line  at  C.  Then  carry  the 
same  end  aroand  (the  other  end  remaining 
at  B)  till  it  comes  in  the  line  of  CB  at  D. 
A  D  is  the  perpendicular  required. 

Problem  8.     7b  erect  a  perpendicular  to 
n  inaccessible  line,  at  a  given  point  of  it. 


lis.  First  Method.  Qet  points  in  the  direction  of  the  ii 
Bible  line  prolonged,  and  from  them  set  oat  a  parallel  to  the  line, 
by  methods  which  are  given  in  Art.  131,  etc.  Find  b;  trial  the 
point  in  which  a  perpendicuUr  to  this  second  line  (and  therefore 
to  the  first  line)  will  pass  through  the  required  point. 

Problem  4.     To  Ut  faH  a  perpendicular  from  a  given  point  to 
a  given  litie. 


113.  Mrst  Method.     Let  P  be  the  given  point,  and  AB  the 
given  line.     Measure  some  distance,  a 
chain  or  leas,  from  0  to  P,  and  then  Fio.88. 

fix  one  end  of  the  chain  at  P,  and 
swing  it  around  till  the  same  distance 
meets  the  line  at  some  point  D.  The 
middle  point  E  of  the  distance  CD 
will  be  the  required  point,  at  which 
the  perpendicular  from  P  would  meet  the  line. 
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114.  Second  Method,    Stretch  a  chain,  or  a  portion  of  it, 
fj^  90,  from  the  giyea  point  P,  to  some  point,  as  A, 

of  the  given  line.  Hold  the  end  of  the  dis- 
tance at  A,  and  gwing  round  the  other  end  of 
the  chain  from  P,  bo  as  to  set  off  the  same 
distanoe  along  the  given  line  from  A  to  some 
point  B.  Measure  BP.  Then  will  the  dis- 
tance BC  from  B  to  the  foot  of  the  desired  perpendicnlar 
_  BP*. 

Problvm  6.    To  let  fall  a  perpendicular  to  a  line  from  a  point 
nearly  opposite  to  the  end  of  the  line. 


116.  First  Method.  Stretch  a  chain 
from  the  giyen  point  P,  to  some  point, 
as  A,  of  the  given  line.  Fix  to  the  gronnd 
the  middle  point  B  of  the  chain  A  P,  and 
swing  aronnd  the  end  which  was  at  P,  or 
at  A,  till  it  meets  the  given  line  in  a  point 
0,  which  will  be  the  foot  of  the  required 
perpendicular. 


116.  Second  Method.  At  an;  convenient 
point,  as  A  of  the  given  line,  erect  a  perpen- 
dicnlar of  an;  convenient  length,  as  A  B,  and 
mark  a  point  C  on  the  given  line  in  the  line 
of  P  and  B.  Measure  C  A,  C  B,  and  C  P. 
Then  the  distance  from  C  to  the  foot  of  the 
OAxCP 


perpendicular,  i.  e. ,  C  D  = 


CB 


Problem  6.  To  let  fall  a  perpendicutar  to 
a  line  from  an  inaeeesaibJe  point. 

117.  JPirst  Method.  Let  P  be  the  given 
point  At  any  point  A,  on  the  given  line, 
set  out  a  perpendicnlar,  AB,  of  any  conven- 
ient  length.     Prolong  it  on  the  other  nde  of 
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the  line  the  same  distance.     Mark  on  the  given  line  a  point  D  in 
the  line  of  F  B,  and  a  point  E  in   the  lino  of  P  C.     Mark   the 
point  F  at  the  intersection  of  D  C  and  B  G  prolonged.    The  line 
F  P  is  the  line  required,  being  perpen- 
dioalar  to  the  given  line  at  the  point  O. 

118.  Second  Method.  Let  A  and  B  be 
two  points  of  the  given  line.  From  A 
let  fall  a  perpendicular,  A  0,  to  the  vis- 
nal  line,  B  P ;  and  from  B  let  fall  a  per- 
pendicnlar,  B  D,  to  the  visual  line,  A  P. 
Find  the  point  at  which  these  perpendicu- 
lars intersect,  as  at  E,  and  the  line  P  E,  prolonged 
the  perpendicular  required. 

Problem  7.  To  kt  faU  a  perpendicular  from  a  given  point  to 
an  inaccessible  line. 

119.  First  Method,    Let  P  be  the  given  point,  and  A  B  the 

given  line.  By  the  preceding  prob- 
lem let  fall  perpendiculars  from  A  to 
B  P  at  C  ;  and  from  B  to  A  P  at  D  ; 
the  line  PE,  passing  from  the  given 
point  to  the  intersection  of  these 
perpeudicalars,  is  the  desired  perpen- 
dicular to  the  inaccesBible  line  AB. 
This  method  will  apply  when  only  two  points  of  the  line  are 

visible. 

The  proof  of  118  and  119  is  found  in  the  "Theory  of  Trana- 

versals,"  Corollary  3. 

120.  Second  Method.  Through  the  given  point  set  out «  line 
parallel  to  the  inaccessible  line.  At  the  given  point  erect  a  per- 
pendicular to  the  parallel  line,  and  it  will  be  the  required  perpen- 
dicular to  the  inaccessible  line. 

Probloms  oa  FbtaUoIb. 
FroUsm  1.    Jb  run  a  line  from  a  givenpotnt  parallel  to  a  given 
Hne. 
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121.  First  Method.  Let  fall  a  perpendicular  from  the  point  to 
the  line.  At  another  point  of  the  line,  as  far  off  as  possible,  erect 
a  perpeadicuUr  equal  in  length  to  the  one  juat  let  fall.  The  line 
joining  the  end  of  this  line  to  the  given  point  will  be  the  pbraUel 
required. 

122.   Second  Method.      Meaenre  from 
J.  ^  P  to  any  point,  aa  C  of  the  given  line, 

and  pat  a  mark  at  the  middle  point  D  of 
that  line.  From  any  point,  as  E  of  the 
given  line,  measure  a  line  to  the  point  D, 
and  coutinne  it  till  D  F  =  D  E.  Then 
will  the  line  P  F  be  parallel  to  A  B. 

123.  Third  Method.  From  any  point,  as  C  of  the  line,  set  off 
eqnal  distances  along  the  line  to  D  and 

E.      Take  a  point  P,  in  the  line  of  *^-  ^■ 

PD.     Stake  out  the  lines  FC   and  ^      v,   ; ,,;7  P 

PE,  and  also  the  line  EP,   crossing  \  '''-U*' ' •' ' 

the  line  C  F  in  the  point  G.     Last-  r'c'''i"''tii 

ly,  prolong  the  line  D  G  till  it  meets  \ !  / 

the  line  EF  in  the  point  H.     PH  is  p 
the  parallel  required. 

The  proof  is  found  in  Corollary  4  of  "Transversals." 

Problem  2.  To  run  a  line  from  a  given  point  parallel  to  an  in- 
acceanile  line. 

124.  Firgt  Method.     Let  A  B  be  the  given  line,  and  P  the 

given  point.  Set  a  stake  at  C,  in 
the  line  of  P  A,  and  another  at  any 
convenient  point,  D.  Through  P 
set  out,  by  the  preceding  problem, 
a  parallel  to  D  A,  and  set  a  stake 
at  the  point,  as  E,  where  this  par- 

pV: -^P  allel     intersecte    D  C     prolonged. 

Through  E  set  oat  a  parallel  to  B  D, 

and  set  a  stake  at  the   point   F,  where  this  parallel   intersects 

BO  prolonged.    PF  is  the  parallel  required. 
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126.  Second  Method.    Set  a  stoke  at  Fia-  »- 

any  point  C  in  the  line  of  A  P,  and  an- 
other at  any  oonTenient  place,  as  at  D. 
Throngli  P  set  ont  a  parallel  to  A  D,  in- 
tersecting C  D  in  £.  Through  E  set  ont 
a  parallel  to  D  B,  interaeotiog  C  B  in  F. 
The  line  P  F  will  be  the  parallel  reqnired. 

138.  Alinement  and  KeMnniiwnt  We  are  now  prepared,  hsT- 
ing  seonred  a  variety  of  methods  for  setting  ont  Perpendicnlars  and 
Parallels  in  every  probable  case,  to  take  up  the  general  sabjeot  of 
overcoming  Obstacles  to  MesBorement. 

Before  a  line  can  be  measared  ite  direction  mnst  be  determined. 
This  operation  ie  called  Ranging  the  line,  or  Alining  it,  or  Boning 
it.*  The  word  aiinement  \  will  be  fonnd  very  convenient  for  ex- 
pressing the  direction  of  a  line  on  the  ground,  whether  between 
two  points  or  in  their  direction  prolonged. 

This  branch  of  onr  subject  naturally  divides  itself  into  two 
parts,  the  first  of  which  is  preliminary  to  the  second,  viz.  : 

I  Of  Obstaolet  to  Alinement ;  or  how  to  establish  the  direction 
of  a  line  in  ant/  situation. 

n.  Of  Obitaolee  to  Ibanrenient ;  or  hote  to  find  the  length  of  a 
Kne  which  can  not  he  actually  measured, 

1.  Obstacles  to  Alinement. 
187.  All   the  cases  which   can  occur  under  this  head  may  be 
reduced  to  two,  viz.  : 

A.  To  find  points  in  a  line  beyond  the  given  points,  i.  e.,  to 
prolong  the  line. 

B.  To  find  pointe  in  a  line  between  two  given  points  of  it,  L  e., 
to  interpolate  points  in  the  line. 

A.  To  Pboloko  a  Lnra. 
128.  By  ranging  with  Kodi,     When  two  pointe  in  a  line  are 
given,  and  it  is  desired  to  prolong  the  line  by  ranging  it  ont  with 

*  niis  word,  1ik«  man;  others  used  In  cn^neeriDg,  is  derlTed  from  k  Frendi  word, 
ftonwr,  to  work  oat  or  limit,  indicating  tlist  the  Nonnamt  introdaced  tlie  art  of  nir- 
Ttjiag  into  BngluuL  f  BUgtitl;  modified  from  the  Fr«t>ch  ofi^iumML 
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rods,  three  peraona  are  required,  each  fnmislied  with  a  straight, 
slender  rod,  aad  vith  a  plomb-liofl,  Or  other  meane  of  keeping 
their  rode  vertical.  Ooe  holds 
his  rod  at  one  of  the  given 
points,  A  in  the  figure,  and 
another  at  B.  A  third,  C, 
goes  forward  as  far  as  he  can 
without  losing  sight  of  the  first  two  rodB,  and  then,  looking  back, 
puts  himself  "in  line"  with  A  and  B — i.  e.,  so  that  when  his 
eye  is  placed  at  0  the  rod  at  B  hides  or  covers  the  rod  at  A. 
This  he  can  do  most  accurately  by  holding  a  plumb-line  before 
his  eje,  so  that  it  shall  cover  the  first  two  rods.  The  lower  end  of 
the  plumb-bob  will  then  indicate  the  point  where  the  third  rod 
should  be  placed,  and  so  with  the  rest.  The  first  man,  at  A,  ia 
then  signaled  and  comes  forward,  passes  both  the  others,  and  puts 
himself  at  D,  "in  line"  with  0  and  B.  The  man  at  B  then  goes 
on  to  E,  and  "lines"  himself  with  D  and  C  ;  and  so  they  proceed, 
in  this  "hand-over-hand"  operation,  as  far  as  is  desired.  Stakes 
are  drivea  at  each  point  in  the  line  as  soon  as  it  is  determined. 

138.  The  rods  shonld  be  perfectly  straight,  either  cylindrical 
or  polygonal,  and  as  slender  as  tbey  can  be  without  bending. 
They  should  be  painted  in  alternate  bands  of  red  and  white,  each 
a  foot  or  link  in  length.  Their  lower  ends  should  be  pointed  with 
iron,  and  a  projecting  bolt  of  iron  will  enable  them  to  be  pressed 
down  by  the  foot  into  the  earth,  so  that  they  can  stand  alone. 
When  this  is  done,  one  man  can  range  ont  a  line.  A  rod  can  be  set 
perfectly  vertical  by  holding  a  plumb-line  before  the  eye  at  some 
distance  from  the  rod,  and  adjusting  the  rod  so  that  the  plnmb- 
line  covers  it  from  top  to  bottom,  and  then  repeating  the  operation 
in  a  direction  at  right  angles  to  the  former.  A  stone  dropped 
from  top  to  bottom  of  the  rods  will  approximately  attain  ^^  ^^^ 
the  same  end. 

When  the  lines  to  be  ranged  are  long,  and  great  ac- 
curacy is  required,  the  rods  may  have  attached  to  them 
plates  of  tin  with  openings  cut  out  of  them,  and  black 
borse-hairs  stretched  from  top  to  bottom  of  the  openings. 


^dbvGoO^^lc 


OBSTACLES   TO  MEA30SBMEXT  IN  CHAIS-8URVBY1N9.   86 

A  small  telescope  must,  then  be  used  for  raogiDg  these  hairs  in 
lioe.  In  a  hasty  surrej,  straight  twige,  with  their  tops  split  to 
receive  a  paper  folded  as  in  the  figure,  ma;  be  used.         • 


130.  By  Ferpendloiilan    The  straight  line,  A  B  in  the  figure,  is 
Bupposed  to  be  stopped  by  a  tree,  a  house,  or  other  obstacle,  and  it 
is  desired  to  prolong  the  line 
beyond    this    obstacle.      From 
any  two  points,  as  A  and  B  of 
the  line,   set  off  (by  some  of 


any  two  points,  as  A  and  B  of     — h. 5  ^h&- 5-—- 

the  line,   set  off  (by  some  of  ^ "^ j -^ 

the  methods  which  have  been 

given)  equal  perpend icnlara,  AC  and  BD,  long  enongh  to  pass 
the  obstacle.  Prolong  this  line  beyond  the  obstacle,  and  from 
any  two  points  in  it,  as  E  and  F,  measure  the  perpendiculars 
EG  fmd  FK  equal  to  the  first  two,  but  in  a  contrary  direction. 
Then  will  Q  and  H  be  two  points  in  the  line  AB  prolonged  which 
can  be  continued  by  the  method  of  the  last  article.  The  points 
A  and  B  should  be  taken  as  far  apart  as  possible,  as  should  also 
the  points  E  and  F.  Three  or  more  perpendicnlars  on  each  side 
of  the  obstacle  may  be  set  off,  in  order  to  increase  the  accuracy 
of  the  operation.  The  same  thing  may  also  be  done  on  the  other 
side  of  the  line,  as  another  confirmation  or  test  of  the  accuracy 
of  the  prolonged  line. 


131.  By  Xqoilatanl  Trianglea.    The  obstacles  noticed  in  the  last 

article  ma;  also  be  overcome  by  means  of  three  equilateral  trian- 

Pio  loa.  ^'*  formed  by  the  chain.     Fix  one  end 

of  the  chain,  and  also  the  end  of  the 

first  link  from  its  other  end,  at  B ;  fix 

the  end  of   the  33d  link  at  A;   take 

hold  of  the  66th   link   and  draw  the 

chain   tight,    pulling  equally  on  each 

part,  and  put  a  pin  at  the  point  thus 

fonnd,  C  in  the  figure.     An  equilateral 

triangle  will  thus  be  formed,  each  side 

being  33  links.     Prolong  the  line  A  G  past  the  obstacle  to  some 
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poiot,  aa  D.  Uake  another  eqaiiateral  triangle,  DEF,  aa  be- 
fore, and  tbns  fix  the  point  F.  Prolong  D  P  to  »  length  e^oal 
to  that  ftf  AD,  and  thus  fix  a  point,  Q.  At  O  form  a  third 
equilateral  triangle,  GHK,  and  thue  fix  a  point,  K.  Then  will 
K  G  gire  the  direction  of  A  B  prolonged. 


138.  By  Symmetrioal  TiianglM. 


I«t  A  B  be  the  line  to  be  pro- 
longed. Take  any  convenient 
point,  as  C.  Kange  oat  the 
line,  A  C,  to  a  point  A',  ench 
that  C  A'  =  C  A.  Bange  out 
C  B,  BO  that  C  B'  =  C  B. 
Bange  backward  A'  B'  to  some 
point  D,  ench  that  D  C  pro- 
longed will  pass  the  obstacle. 
Find,  by  ranging,  the  inter- 
section at  E  of  D  B  and  A  G.  From  G  measure,  on  0  A',  the  dia- 
tapce  C  E'  =  C  E.  Then  range  oat  D  0  and  B'  E'  to  their  intersec- 
tion in  F,  which  will  be  a  required  point  in  the  direction  of  A  B 
prolonged.  The  symmetrical  points  are  marked  by  corresponding 
letters.  Several  other  points  should  be  obtained  in  the  same 
manner. 

In  this,  as  in  all  similar  operations,  Tery  acute  intersectioiu 
shoald  be  avoided  as  far  as  possible. 

133.  By  Trannvmli.  Let  A  B  be 
the  given  line.  Take  any  two  points 
G  and  D,  such  that  the  line  C  D  will 
pass  the  obstacle.  Take  another  point, 
E,  in  the  intersection  of  0  A  and  D  B. 
Measure  A  E,  A  C,  C  D,  B  D,  and  B  E. 
Then  the  distance  from  D  to  P,  a 
point  in  the  required  prolongation,  will 

-  _  ^^^^  ^  AE 

"BExAC-BDxAE* 
Other  points   in    the  prolongation 
may  be  obtained  in  the  same  manner, 
by  merely  moving  the  single  point  C  in 


be  DP=  = 
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Che  line  of  E  A ;  in  which  case  the  new  distances,  C  A  and  G  D, 
will  alone  require  to  be  measured. 

If  AE  be  made  eqnal  to  AC,  then  ie  DP  =  |-^^g^. 

If  BE  be  made  eqnal  to  BD,  then  is  DP  =  ac-A"E- 


The  minus  sign  in  the  deDominators  must  1 
only  meaning  that  the  difference  of  the  two  terms  is  to  be  taken, 
withont  regard  to  which  is  the  greater. 


1S4.  By  Kumonis  Coqjiigatei.     Let  A  B  be  the  given  line.     Set 
a  btake  at  any  point  C.     Set  stakes 
at  points  D,  on  the  line  C  A,  and 

at  E,  on  the  line  C  B ;  these  points,      A 

D  and  E,  being  so  chosen  that  the        \"""--, 

line  DB  will  pass  beyond  the  ob-  \        ~~~'.v  ...L--'       / 

fltacle.      Set  a  fourth  stake,  F,  at  ^\,    /'-^  /'■       '' 

the  intersection  of  the  lines  AE  ^^--„  \.';  / 

and  DB.      Set  a  fifth  stake,   G,  "-v^t^ 

anywhere  in  the  line  C  F  ;  a  sixth  K\\l 

stake,  H,  at  the  intersection  of  G  B  J 

and  D  Q  prolonged  ;  and  a  seventh, 

K,  at  the  intersection  of  CA  and  EG  prolonged.     Finally,  rsnge 

ont  the  lines  D  E  and  K  H,  and  their  intersection  at  P  will  be  in 

the  line  A  B  prolonged. 


ISA.  9r  the  Complete  anadrilatetaL    Let  A  B  be  the  given  line. 
Take  any  convenient  point 


na.  ion. 
r      C 

C  ;  measure  from  it  to  B, 

'-J^       and  onward,  in  the  same 

H 

line    prolonged,  an   equal 
distance  to  D.     Take  any 
other  convenient  point,  E, 
such   that   G  E  and   D  E 

produced  will  clear  the  ob- 

atacle.     Measure  from  E  to  A,  and  onward,  an  eqnal  distance,  to 
P.     Range  out  the  lines  F  G  and  D  E  to  their  intersection  in  G. 
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Range  out  F D  and  C E  to  intersect  in  H.  Heasan  OH.  Its 
middle  point,  P,  is  the  required  point  in  the  line  of  A  B  prolonged. 
The  nnavoidable  acute  intersections  in  this  constmotion  are  ob- 
jectionable. 

B.    To   UTTIRPOLATB   FoiHTS    IB    A.   LtNK. 

186.    The  most  distant  given  point  of  the  line  mnst  be  made 
as  conspicuooB  as 
Bade  Viae.  possible     by    any 

efficient  means, 
such  as  placing 
there  a  staff  bear- 
ingftflag :  red  and 
white,  if  seen 
against  woods  or 
other  dark  back- 
ground ;  and  red 
and  green,  if  seen 
against  the  sky. 
A  convenient 
and    portable    signal    is    shown    in    the    figure. 

The  figure  represents  a  disk  of  tin  about  six  inches  in  diameter, 
painted  white  and  hinged  in  the  middle,  to  make  it  more  portable. 
It  is  kept  open  by  the  bar,  B,  being  turned  into  the  catch,  G.  A 
screw,  S,  holds  the  disk  in  a  slit  in  the  top  of  the  pole. 

Another  contriTanco  is  a  strip  of  tin,  which  has  its  ends  bent 
horizontally  in  contrary  directions.  As  the  wind  will  take  strong- 
eat  bold  of  the  side  which  is  concave  toward  it,  the  bent  strip  will 
continually  revolve,  and  thus  be  very  conspicuous.  Its  upper  half 
should  be  painted  red,  and  its  lower  half  white. 

A  bright  tin  cone  set  on  the  staff  can  be  seen  at  a  great  distance 
when  the  sun  is  shining, 

137.  Ranging  to  a  point  thus  made  conspiouons  is  very  simple 
when  the  ground  is  level.  The  surveyor  places  his  eye  at  the  near- 
est end  of  the  line,  or  stands  a  little  behind  a  rod  placed  on  it,  and 
by  signs  moves  an  assistant,  holding  a  rod  at  some  point  as  nearly 
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in  the  desired  line  as  he  can  gnesB,  to  the  right  or  left,  till  his  rod 
appears  to  cover  the  distant  point 


188.  AoroM  a  Valley.     When  a  valley  or  low  spot  intervenes  be- 
tween the  two  ends  of  the 

line,  A  and  Z  in  the  figure,  '"■  '**"• 

a  rod  held  in  the  low  place, 
as  at  B,  wonld  seldom  be 
high  enough  to  be  seen 
from  A,  to  cover  the  dis- 
tant rod  at  Z.  In  snch  a 
case,   the    sorvejor   at  A 

should  hold  np  a  plumb-line  over  the  point,  at  arm's  length,  and 
place  his  eye  eo  that  the  plumb-line  covers  the  rod  at  Z.  He 
should  then  direct  the  rod  held  at  B  to  be  moved  tilt  it,  too, 
is  covered  by  the  plumb-line.  The  point  B  is  then  said  to  be 
"in  line"  between  A  and  Z.  In  geometrical  language,  B  has  now 
been  placed  in  the  vertical  plane  determined  by  the  vertical  plumb- 
line  and  the  point  Z.  Any  number  of  intermediate  points  can  thos 
be  "interpolated,"  or  placed  in  line  between  A  and  Z. 

13d.  Over  a  HiU.    When  a  hill  rises  between  two  points  and 
prevents  one  being  seen  from  the  other,  as  in  the  figure  (the  upper 

part  of  which 
shows  the  hill  in 
"elevation,"  and 
the  lower  part 
in  "  plan  "),  two 
observers,  B  and 
C,  each  holding 
a  rod,  may  plaoe 
themselves  on 
the  ridge,  in  the 
line  between  the 
two  points,  as 
nearly  as  they 
B  the  other  and  the  point 


can  gness,  and  so  that  each  con  at  o 
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beyond  him.  B  looks  to  Z,  and  by  signals  pnts  0  "in  line." 
C  then  looks  to  A,  and  pats  B  in  line  at  B'.  B  repeats  his  oper- 
ation from  B',  patting  C  at  C,  and  is  then  himself  moved  to  B", 
and  BO  they  alternately  "  line "  each  other,  continnally  approxi- 
mating to  the  straight  line  between  A  and  Z,  till  they  at  last  find 
themsolTes  both  exactly  in  it,  at  B'"  and  C". 


140.  A  single  person  may  pnt  himself  in  line  between  two 
points,  on  the  same  principle,  by  laying  a  straight  stick  on  some 
snpport,  going  to  each  end  of  it  in  turn,  and  making  it  point  snc- 
ceaaively  to  each  end  of  the  line.  The  "  Surveyor's  Cross,"  Art 
93,  is  coDTenient  for  this  purpose,  when  set  np  between  the  two 
given  points  and  moved  again  and  again,  nntil,  by  repeated  trials, 
one  of  its  slits  sights  to  the  given  points  when  looked  through  in 
either  direction. 

141.  On  Water.     A  simple  instrument  for  the  same  object  is 

represented  in  the  figure.     A  B  and  C  D 
*^  '••■  are  two  tubes,  about  4  inch  in  diame- 

j  ter,  connected  by  a  smaller  tube,  EF. 

I  A  piece  of  looking-glass,  G  H,  is  placed 

in  the  lower  part  of  the  tube  AB,  and 
another,  KL,  in  the  tube  CD.  The 
planes  of  the  two  mirrors  ai-e  at  right 
angles  to  each  other.  The  eye  is  placed 
at  A,  and  the  tube  A  B  is  directed  to 
any  distant  object,  as  X,  and  any  other 
object  behind  the  observer,  as  Z,  will  be 
seen,  apparently  under  the  first  object 
^  in   the  mirror  Q  H,  by  reflection  from 

the  mirror  K  L,  when  the  observer  haa 
succeeded  in  getting  in  line  between  the  two  objects.  M  N  are 
screws  by  which  the  mirror  K  L  may  be  adjusted.  The  distance 
between  the  two  tubes  will  cause  a  small  parallax,  which  will, 
however,  be  insensible  except  when  the  two  objects  are  near  to- 
gether. 
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142.  Through  a  Wood.  When  a  wood  Intervenes  between  any 
two  given  points,  preventing  one  from  being  seen  from  the  other, 
as  in  the  figure,  in  which  A  and  Z  are  the  given  points,  proceed 
tha»:  Holdarod 

at  some  point 
B'  as  nearly  in 
the  desired  line 
from  A  ae  can 
be    gneesed    at, 

aud  as  far  from  A  as  poBsible.  To  approximate  to  the  proper 
direction,  an  assistant  may  be  sent  to  the  other  end  of  the  line, 
and  bis  shonts  will  indicate  the  direction  ;  or  a  gun  may  be 
fired  there;  or,  if  very  distant,  a  rocket  may  be  sent  up  after 
dark.  Then  range  out  the  "random  line  "  A  B',  by  the  method 
given  in  Art.  138,  noting  also  the  distance  from  A  to  each  point 
found,  till  you  arrive  at  a  point  Z',  opposite  to  the  point  Z — i.  e,, 
at  that  point  of  the  line  from  which  a  perpendicular  there  erected 
would  strike  the  point  Z.  Measure  Z'  Z.  Then  move  each  of  the 
stakes,  perpendicularly  from  the  line  A  Z',  a  distance  proportional 
to  their  distances  from  A.  Thus,  if  A  Z'  be  1,000  links,  and  Z'  Z 
be  10  links,  then  a  stake  B',  300  links  from  A,  should  be  moved  % 
links  to  a  point  B,  which  will  be  in  the  desired  straight  line  A  Z ; 
if  C  be  400  links  from  A,  it  should  be  moved  4  links  to  C,  and 
80  with  the  rest.  The  line  shonld  then  be  cleared,  and  the  accn- 
racy  of  the  position  of  these  stakes  tested  by  ranging  from  A  to  Z. 

143.  To  an  Inviiiblfl  Inteneotion.    Let  AB  and  CD  be  two 

lines,    which,     if    pro- 

2     longed,  would  meet  in  a 

;'''    point  Z,   invisible  from 

either  of  them  ;  and  let 

F  be  a  point  from  which 

a  line  is  required  to  be 

set  out  tending  to  this 

invisible       intersection. 

Set   stakes   at    the   five 

given  points,  A,  B,  0,  D,  P.     Set  a  sixth   stake  at  B,   in  the 
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aUnementB  of  A  D  and  G  P ;  and  a  aeventh  stake  at  F,  in  the 

alinements  of  B  G  and  A  P.     Then  set  an  eighth  stAke  at  G,  in  the 

alinemente  of  B  E  and  D  F.     P  G  will  be  the  required  line.     Thia 

is  an  application  of  the  "  Theory  of  Trausveraals." 

Otherwise:  Through  P  range  oat  a  parallel  to  the  liDe  BD. 

Note  the  points  where  this  parallel  meetaAB  and  GD,  and  call 

these  points  Q  and  B.    Then  the  distance  from  B,  on  the  line  B  D, 

to  a  point  which  shall  be  in  tho  required  line  ronning  from  P  to 

^.  .  .  .. ,  .  ,  ...  .  BDxQP 
the  invisiMe  point,  will  be  =  — ^^  „  ■  ■ . 

n.  Obstacles  to  Measurement 
144.  The  cases  in  which  the  direct  measurement  of  a  line  is 
prevented  by  various  obstacles  may  be  reduced  to  three : 

A.  WAen  both  ends  of  the  line  are  aeceggible. 

B.  Wh&n  one  end  of  it  is  inaccessible. 

C.  When  both  ends  of  it  are  inaccessible. 

A.  Whbn  Both  Emw  or  thk  Likb  abi  aoobmibu. 
146.  B]r  Perpendioulars,     On  leachiug  the  obstacle,  as  at  A  in 
the  figure,   set  off  a  perpendicular, 
A  B ;  turn  a  second  right  angle  at 

B,  aud   measnre   past  the  obstacle ; 

turn  a  third  right  angle  at  C,  and 
measnre  to   the  original  line  at  D. 
Then  will    the   measored   distance, 
BG,  be  equal  to  the  desired  dintance,  AD. 

If  the  direction  of  the  line  is  also  Fio.  lis. 

unknown,  it  will  he  most  easily  obtained 
by  the  additional  perpendicalare  shown 
in  Pig.  lOa  of  Art.  130. 

146.  Br  XqnilateTal  Triangles.  The 
method  given  in  Art.  131  for  determin- 
ing the  direction  of  a  line  through  an 
obstacle  will  also  give  its  length  ;  for 
in  Fig.  116-  the  desired  distance  A  G  is 
equal  to  the  measured  distances  AD  or  DO, 
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147.  B7  SymmetriMi  TrUnglet.  Let  AB  t 
quired.  Meacrure  &t>ia  A  obliquely 
to  some  point  C  past  the  obataole. 
Veaeare  onward,  in  the  same  line, 
till  C  D  is  as  long  as  A  0.  Plaoe 
gtakea  at  C  and  D.  From  B  meaa- 
ore  to  C,  uid  from  0  measnie  on- 
ward, in  the  same  line,  till  CE  is 
equal  to  GB.  Measare  £  D,  and 
it  will  be  equal  to  A  B,  the  distance 

reqnired.  If  more  conTenient,  make  CD  and  CE  eqnal,  respeo 
tively,  to  half  of  A  0  and  0  B  ;  then  will  A  B  be  equal  to  twice 
DE. 

148.  By  TnutirenaU.  Let  A  B  be  the  required  distance.  Set 
a  stake,  C,  in  the  line  prolonged ; 
set  aaother  stake,  D,  so  that  0 
and  B  can  be  seen  from  it ;  and  a 
third  stake,  E,  in  the  line  of  BD 
prolonged,  and  at  a  diataooe  from 
D  equal  to  the  distance  from  D 
to  B.  Set  a  fourth  stake,  F,  at 
the  intersection  of  EA  and  OD. 

AC, 


Measure  AO,  AF,  and  FK    Then  is  AB  = 


^(FE-AF). 


9ta.  IIB. 


B.  Whbn  Okb  Eitd  ot  tbi  Lnn  ib  mAooraaiBLi. 
149.  By  Ferpandicnlars.  This  principle  may  be  applied  in  a 
variety  of  ways.  In  Fig.  118  let  A  B  be  the 
required  distance.  At  the  point  A  set  off  A  0 
perpendicular  to  AB,  and  of  any  conyenient 
length.  At  C  set  oS  a  i^erpendicnlar  to  G  B. 
and  continue  it  to  a  point,  D,  in  the  line  of  A 
AC 

"ad. 


and  B.     Measure  D  A.     Then  is  A  B  = 


160.  Otherwise:  At  the  point  A,  in  Fig.  119, 
set  off  a  perpendicular,  AG.     At  C  set  off  another  perpendico- 
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II  EC  = 
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lar,  CD.     Find  a  point,  E,  in  the  line  of 
A  C  and  B  D.     Measure  A  E  and  E  C.     Then 
AEXCD 
CE      • 
If  E  C  be  made  equal  to  A  E,  and  D  be 
^        set  in  the  line  of  B  E,  and  also  in  the  per- 
pendicidar   from  C,  then  will   C  D  be  equal 
to  AB. 
iAE,  then  CD  =  tAB. 


Fig.  120. 


151.  Otherwise:  At  A,  in  Fig.  120,  measnre 
a  perpendicular,  A  C,  to  the  line  A  B ;  and  at 
an;  point,  as  D  in  this  line,  set  off  a  perpeu- 
dicnlar  to  D  B,  and  continue  it  to  a  point  E,  in 
the  line  of  0  B.  Measure  D  E  and  also  D  A. 
AOXAD 


Then  is  AB  = 


D  E  -  A  C 


162.  Bf  FaraUeU.  From  A  measure 
AC  in  any  convenient  direction.  From  a 
point  D,  in  the  line  of  B  C,  measure  a 
line  parallel  to  G  A,  to  a  point  E  in  the 
line  of  A  B,  Meaenre  also  A  E. 
ACX  AE 


Then  ia  A  B  = 


DE-AC* 


Fia.  lis. 


158.  By  a  Parallfllognun.  Set  a  stake,  G,  in  the  line  of  A  and 
B,  and  set  another  stake,  D,  whereTer  conven- 
ient. With  a  distauce  eqnal  to  CD,  describe 
from  A  an  arc  on  the  groatid ;  and,  with  a  dis- 
tance equal  to  AC,  describe  another  arc  from 
D  intersecting  the  first  arc  in  K  Or,  take  A  C 
and  G  D  so  that  together  they  make  one  chain  ; 
fix  the  ends  of  the  chain  at  A  and  D  ;  take 
hold  of  the  chain  at  such  a  link  that  one  part 
of  it  eqoals  AC  and  the  other  GD,  and  draw 
it  tight  to  fix  the  point  E.     Set  a  stake  at  F  in  the  intersectioD 
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iBsnre  A  F  and   E  F.      Thea    ia    A  B  = 
;  or  CBs-"'"'^ 


of  A  B  and  D  B. 
ACXAF 
BP 


BF 


194.  B7  Sjmm«trioal  Trian^lei,    Let  A  B  be  the  required  die- 
taoce.     From  A  measore  a  line  in  any 
oonTenient  direction,  as  A 0,  and  meaa-  ^'''  '"*' 

nre  onvard,  in  the  aame  direction,  till 
G  D  =  A  C.  Take  any  point  E  in  the 
line  of  A  and  B.  Measure  from  E  to 
G,  and  onward  in  the  same  line,  till  C  F 
=  GB.  Then  find  by  trial  a  point  Q, 
which  shall  be  at  the  same  time  in  the 
line  of  C  and  B,  and  in  the  line  of  D 
md  F.  Measure  the  distance  from  Q 
to  D,  and  it  will  be  equal  to  the  re- 

qnired  distance  from  A  to  B.  If  more  convenient,  make  CDs 
i  A  C,  and  0  F  =:  (  0  B,  as  shown  by  the  finely  dotted  lines  in 
the  figure.     Then  will  D  0  =  }  A  B. 


OB. 

OA'. 


15B.  Otherwise :   Prolong  B  A  to  some  point  G.     Bange  out 
any  couTenient  line  C  A',  and  measure 
*^-  '"■        .„  C  A '  =  C  A.      The   triangle  G  A'  B  is 

now  to  be  reproduced  in  a  symmetrical 
triangle  sitnated  on  the  accessible 
ground.  For  this  object  take,  on  A  C, 
some  point  D  and  measure  C  D'  = 
0  D.  Find  the  point  E  at  the  inter- 
section  of  A  D'  and  A'  D.  Find  the 
point  F  at  the  intersection  of  A'  B  and 
Lastly,  find  the  point  B'  at  the  intersection  of  A  F  and 
Then  will  A'  B'  =  A  B.    The  symmetrical  points  have  cor- 


responding letters  affixed  to  them. 

156.  By  Trajurenali.  Set  a  stake,  C,  in  the  alinement  of 
B  A ;  a  second,  D,  at  any  convenient  point  ;  a  third,  £,  in 
the  line  0  D ;  and  a  fourth,  F,  at  the  intersection  of  the  aline- 
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AC, 
AB  = 


middle 
ABs: 
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ments    of    D  A  and   E  B. 

C  E,  E  D,  D  F,  and  F  A.      Then  ia 

AC  X  AF  X  I>E_ 
0  E  X  D  F  -  A  F  X  D  E' 

It  the  point  E  be  taken  in  the 
of  C  D  (as  it  is  in  the  figure),  then 
ACX  AF 
DF- AF 

If  the  point  F  be  taken  in  the  middle  of  A  D,  then  A  B  s 
ACXDE 
0  E  -  D  E" 

The  minus  signs  most  be  interpreted  as  in  Art.  121. 

167.  By  ^monio  Diviilon.    Set  stakes,  C  and  D,  on  each  side 
of  A,  and  bo  that  the  three  are  in  the 
same  straight  lina     Set  £  third  stake  ^^  ^*'- 

at  any  point,  E,  of  the  Une  A  B.     Set  ^i 

a  fonrtb,  F,  at  the  intersection  of  G  B 
and  D  E ;  and  a  fifth,  G,  at  the  inter- 
section of  D  B  and  C  E.  Set  a  sixth 
stake,  H,  at  the  intersection  of  A  B  and 
F  Q.    Measure  A  E  and  E  H.    Then  ia 

AExAH  ' 


AB  = 


A  E  -  E  H- 


168.  To  an  InaooetilUe  Line. 


Measure  0  H  and    H  F. 
CH  +  HF 


The  shortest  distance,  C  D,  from 
point,  0,  to  an  inaccessible 
straight  line  A  B,  is  required.  From 
C  let  fall  a  perpendicular  to  A  B,  b; 
the  method  of  Art  119.  Then  set  a 
stake  at  any  point,  E,  on  the  line  A  C  ; 
set  a  second,  F,  at  the  intersection  of 
E  B  and  CD;  a  third,  G,  at  the  inter- 
section of  AF  and  CB;  and  a  fourth, 
H,  at  the  intersection  of  E  G  and  C  D. 
CHX  CF 


Then    ie  C  D  = 
CHxCF 


CH-HF 


orOD 
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159.  To  an  Inaooeinbls  Inteneetion.  When  two  lines  (as  A  Bj 
G  D,  in  the  figure)  meet  in  a 

river,  a  boiMiDg,  or  any  other  '"'•  '**■ 

inscoessible  point,  the  distance 
from  anj  point  of  either  to 
their  intersection,  D  £,  (or  ex- 
ample,   may   be    foand    thus  : 

From  any  point  B,  on  one  line,  \ 

measure   B  D,  and  oontinae  it      c 
till    D  F  =  D  B.       From    any 

other  point  G  of  the  former  line  meaeure  Q  D,  and  continue  the 
line  till  D  H  s:  G  D.  Continue  H  F  to  meet  I>  C  iu  some  point 
E.  Ueasure  K  D.  K  D  will  be  equal  to  the  desired  distance  D  E, 
B  E  can  be  found  by  measuring  F  K,  which  is  equal  to  it 
If  D  F  and  D  H  be  made  respeotirely  equal  to  one  half  or  one 
third,  etc.,  of  D  B  and  D  0,  then  will  E  D  and  E  F  be  respectirely 
equal  to  one  half  or  one  third,  etc.,  of  DE  and  BE. 

0.  Whki  Both  Enm  of  tuc  Lihb  abb  niAooneiBLB. 

160.  B7  Bimilai  TrUnglei.     Let  A  B  be  the  inacceseible  di»* 

tance.     Set  a  stake  at  any  convenient  point 
Fia.  iss.  C,  and  find  the  dietancee  CA  and  CB  by 

any  of  the  methods  jnst  given.     Set  a  sec- 
ond stake  at  any  point,  D,  on  the  line  C  A. 

„                   ...                   ,   ,     CBx  CD 
Measure  a    distance    equal   to   — j^ , 

from  G,  on  the  line  G  B,  to  some  point  K 

Measure  D  E.     Then  is  A  B  =  -  -^y^^- 

If  mora  convenient,  measure  G  D  in  the  contrary  direction  from 
the  river,  as  in  Fig.  130,  instead  of  toward  it,  and  in  other  reapectf 
proceed  as  before. 

161.  By  Paralleli.    Let  A  B  be  the  in-      ^         ^'^  '"^ 
accessible  distance.     From  any  point,  as  0, 
range  out  a  parallel   to  A  B,  as  in  Art, 
124,  etc.    Find  the  distance  C  A  by  Art 
149,  etc.     Set  a  stake  at  the  point  E,  the 
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FiQ.  IS1.  intersectioD  of  GA  and  DB,  and  meaaure 

°     CE.    The„i.AB  =  5DXiAC^lCE). 

leS,  Br  a  FaialkdogTWiL  Set  a  stake  at 
an;  convenient  point  G.  Set  stakes  D  and 
£  anywhere  io  the  alinementa  G  A  and  0  B. 

With  D  as  a  center,  and  a  length 

of  the  chain  equal  to  C  E,  describe 

an  arc ;  and  with  E  as  a  center,  and 

a  length  of  the  chain  eqnal  to  C  D, 

describe  another  arc,  intersecting  the 

former  one  at  F.     A  parallelogram, 

C  D  E  F,  will  thus  be  formed.     Set 

stakes  at  G  and  H,  where  the  aline- 

menta   D  B   and   E  A  intersect  the  sides  of  this  parallelogram. 

Meaenre  CD,  D  F,  G  P,  F  H,  and  H  G.  The  inaccessible  dis- 
CDxDFxGH 


Fie.  isa. 


tance  A  B  = 


If  OD  =  C 


FG  X  FH 
S,  then  A  B  = 


GD'XGH 


163.  B7  STmmetrioal  TrianglH.  Take  anj  convenient  point,  as 
C,     Set  stakes  at  two  other 

^  ^        ^  points,  D  and  D',  in  the  same 

line,  and  at  eqoal  distances 
from  0.  T^u  a  point  E,  In 
tlte  line  of  A  D  ;  measure 
from  it  to  G,  and  onward  till 
0  E'  =  C  E.  Take  a  point 
V  in  the  line  of  B  D  ;  meas- 
nre  from  it  to  0,  and  onward 
till  G  F'  =  C  F.  Range  ont 
the  lines  A  G  and  E'  D',  and 
aet  a  stake  at  their  interseo- 
tion,    A'.       Range    oat    the 

lines  B  0  and  F'  D',  and  set  a  stake  at  their  intersection,  B'. 

Measore  A'  B'.    It  will  be  equal  to  the  desired  distance  A  R 
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164.  Oihermse :  Take  on;  cocTenient  point,  as  0,  and  set  off 
eqnal  diatauces  on  each  aide 
of  it,  in  the  line  of  C  A,  to 
D  and  D'.  Set  off  the  same 
distanoee  from  G,  in  the 
line  of  G  B,  to  E  and  E'. 
ThroQgh  0  set  out  a  pandlel 
to  DE  or  D'E',  and  set 
stakes  at  the  points  F  and 
F'  vhere  this  parallel  in- 
teroecta  A  E'  and  B  D'. 
Bange  ont  the  lines  A  D' 
and  EF',  and  set  a  stake 
at    their     intersection    A'. 

Bange  ont  the  tines  B  E'  and  D  F,  and  set  a  stake  alt  their  inter- 
section B'.  Measnie  A'B',  and  it  will  he  eqnal  to  the  deaiied 
distODoe  A  B, 
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CHAPTER  III. 

OOMPASS-SUBVSYJNO ;     OR  BY  THE   TSISB   METHOD. 

166.  Angular  Surveying  detenninee  the  relative  poBitione  of 
points,  and  therefore  of  linee,  od  the  Thibd  Peikoiple,  as  ex* 
plained  in  Art  5. 

Either  the  oompasB  or  the  transit  may  be  employed  in  angalar 
sarreying. 

166.  Sarreying  with  the  oompaaa  is  a  leas  direct  operation 
than  suireying  with  the  transit.  Bnt  as  the  nse  of  the  com- 
pass is  much  more  rapid  and  easy,  for  this  reason,  as  well  as 
for  its  smaller  coat,  it  is  the  instrument  most  commonly  em- 
ployed  in  land-sorreying  in  spite  of  its  imperfections  and  in- 
accnracies. 

The  method  of  Polar  Surveying  (or  surveying  by  the  third 
method)  embraces  two  minor  methods.  The  most  asoal  one 
consists  in  going  around  the  field  with  the  instrument,  setting  it 
at  each  comer,  and  measuring  there  the  angle  which  each  side 
makes  with  its  neighbor,  as  well  as  the  length  of  each  side.  This 
method  is  called  by  the  French  the  method  of  Cheminement.  It 
has  no  special  name  in  English,  but  may  be  called  (from  the 
American  verb,  to  progress)  the  Method  of  Progression.  The 
other  system,  the  Method  of  Radiation,  consists  in  setting  the  in- 
stmment  at  one  point  and  thence  measuring  the  direction  and 
distance  of  each  corner  of  the  field  or  other  object.  The  corre- 
sponding name  of  what  we  have  called  triangular  surveying  is  the 
Method  of  Inlersectiojii,  since  it  determines  points  by  the  intersec- 
tions of  straight  lines. 
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167.  When  the  two  lines  which  form  an  angle  lie  in  the  same 
horizontal  or  level  plain,  the  angle  is  called  a  horizontal  angle.* 

When  these  lines  lie  in  a  plane  perpendicular  to  the  f  onner,  the 
angle  is  called  a  vertical  angle. 

When  one  of  the  lines  is  horizontal,  and  the  other  line  from  th« 
eye  of  the  observer  passes  above  the  former,  and  in  the  same  verti- 
oal  plane,  the  angle  is  called  an  angle  of  elevation. 

When   the  latter  line  passes  below  the  horizontal  line. 


THB  00UFA8S. 

166.  The  Veedle.  The  most  essential  part  of  the  compass  is 
the  magnetic  needle.  It  is  a  slender  bar  of  steel,  usually  five  or 
six  inches  long,  strongly  magnetized,  and  balanced  on  a  pivot,  so 
that  it  may  turn  freely,  and  thus  be  enabled  to  continue  pointing 
in  the  same  direction  (that  of  the  "  magnetic  meridian,"  approxi- 
mately north  and  south)  however  much  the  "compass-box,"  to 
which  the  pivot  is  attached,  may  be  turned  around. 

Ab  it  is  important  that  the  needle  should  move  with  the  least 

*A  plane  ia  wid  to  be  horaonla!  or  Itvel  when  it  U  parellel  to  the  surface  of 
Btandlug  irater,  or  perpendicular  to  a  plumb-line.  A  tine  ii  hoitomtal  wben  U  Uw 
in  a  boiuoDtal  plane. 
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possible  frictioD,  the  pivot  should  be  of  the  hardest  steel  groand  to 
a  Tery  sharp  point ;  and  in  the  center  of  the  needle,  which  is  to 
rest  on  the  pivot,  shoaJd  be  inserted  a  cap  of  agate,  or  other  hard 
materiaL  Iridiam  for  the  pivot,  and  mby  for  the  cap,  are  still 
better. 

If  the  needle  be  balanced  on  its  pivot  before  being  magnetdzed, 
one  end  will  sink,  or  "dip,"  after  the  needle  is  magnetized.  To 
bring  it  to  a  level,  several  coils  of  wire  are  wonnd  around  the 
needle  so  that  they  can  be  slid  along  it,  to  adjnst  the  weight  of  its 
two  ends  and  balance  it  more  perfectly. 

The  north  end  of  the  needle  is  usnally  cut  into  a  more  orna- 
mental form  than  the  south  end  for  the  sake  of  distinction. 

The  principal  reqnisitea  of  a  oampaes-needle  are  intensity  of 
directive  force  and  susceptibility.  Beyond  a  certain  limit,  say  five 
inches,  no  additional  power  is  gained  by  increasing  the  length  of 
the  needle.  On  the  contrary,  longer  ones  are  apt  to  have  their 
strength  diminished  by  several  consecutive  poles  being  formed. 
Short  needles,  made  very  hard,  are  therefore  to  be  preferred. 

The  needle  should  not  come  to  rest  very  quickly.  If  it  does,  it 
indicates  either  that  it  is  weakly  magnetized,  or  that  the  friction 
on  the  pivot  is  great.  Its  sensitiveness  is  indicat«d  by  the  num< 
ber  of  vibrations  which  it  makes  in  a  small  space  before  coming 
to  rest. 

A  screw,  with  a  milled  head,  on  the  under  side  of  the  plate 
which  supports  the  pivot,  is  used  to  raise  the  needle  oS  this  pivot 
when  the  instrument  is  carried  about,  to  prevent  the  point  being 
dulled  by  unnecessary  friction. 

169.  The  Sights.  Next  after  the  needle,  which  gives  the  direc- 
tion of  the  fixed  line  whose  angles  with  the  lines  to  be  surveyed  are 
to  be  measured,  should  be  noticed  the  sights,  which  show  the  direc- 
tions of  these  last  lines.  At  each  end  of  a  line  passing  through  the 
pivot  is  placed  a  "sight,"  consisting  of  an  upright  bar  of  brass, 
with  openings  in  it  of  various  forms — usnally  slits,  with  a  circular 
aperture  at  their  top  and  bottom  ;  all  these  arrangements  being 
intended  to  enable  the  line  of  sight  to  be  directed  to  any  desired 
object  with  precision. 
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A  tdeacope  which  can  move  up  and  down  in  a  Tertical  plane, 
i.  e.,  a  plunging  telescope,  or  one  which  can  tarn  completely  over, 
is  sometimes  substituted  for  the  Bights.  It  has  the  great  advantage 
of  giving  more  dlstinot  vision  at  long  distances,  and  of  admitting 
of  Bights  up  and  down  very  steep  elopee.  Its  accuracy  of  vision  is, 
however,  rendered  nugatory  by  the  want  of  precision  in  the  read- 
ings of  the  needle.  If  a  telescope  be  applied  to  the  compass,  a 
graduated  circle  with  vernier  should  be  added,  thus  converting  the 
compass  into  a  "transit." 

170.  The  Divided  Circle.  We  now  have  the  means  of  indicating 
the  directions  of  the  two  lines  whose  angle  is  to  be  measured.  The 
number  of  degrees  contained  in  it  is  to  be  read  from  a  circle  divided 
into  degrees,  in  the  center  of  which  is  fixed  the  pivot  bearing  the 
needle.  The  graduations  are  uBually  made  to  half  a  degree,  and  a 
quarter  of  a  degree  or  less  can  then  be  "estimated."  The  pivot 
and  needle  are  sunk  in  a  circular  box,  so  that  its  top  may  be  on  a 
level  with  the  needle.  The  graduations  are  naually  made  on  the 
top  of  the  sorronnding  rim  of  the  box,  but  should  also  be  con- 
tinned  dovra  its  inside  ciroumferenoe  so  that  it  may  be  easier  to 
see  with  what  division  the  ends  of  the  needle  coincide. 

The  degrees  are  not  numbered  consecutively  from  0°  around  to 
860°,  but  run  from  0°  to  90°,  both  ways  from  the  two  diametrically 
opposite  points  at  which  a  line,  passing  through  the  slits  in  the 
middle  of  the  sights,  would  meet  the  divided  circle. 

The  lettering  of  the  surveyor's  compass  has  one  important  dif- 
ference from  that  of  the  mariner's  compass. 

When  we  stand  facing  the  north,  the  east  is  on  our  right  hand, 
and  the  west  on  our  left  The  graduated  card  of  the  mariner's 
compass,  which  is  fastened  to  the  needle  and  turns  with  it,  is 
marked  accordingly.  But,  in  the  surveyor's  compass,  one  of  the 
0  points  being  marked  N.  or  north  {or  indicated  by  a  fieur-de-Hs), 
and  the  opposite  one  S.  or  south,  the  90-degreeB-point  on  the  right 
of  this  line,  as  you  stand  at  the  S.  end  and  look  toward  the  N.,  is 
marked  W.  or  west ;  and  the  left  hand  OO-degrees-point  is  marked 
E.  or  east.  The  reason  of  this  will  be  seen  when  the  method  of 
nsing  the  oompasa  comes  to  be  explained. 
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171.  The  Pointa.  In  ordJD&ry  land-anrreylDg  only  four  poiDtg 
of   the  compass  have  names,  viz.,  north,  sontb,  east,  and  weat ; 

the  direction  of  a  line  being  de- 
Boribed  by  the  angle  which  i( 
makes  with  a  north  and  aonth 
line  to  its  east  or  to  its  west. 
Bnt,  for  nanticaJ  purposes,  the 
circle  of  the  compass  is  divided 
I  intothtrty't'wopoiiita,  thenames 

of  which  are  shown  in  the  figure. 
Two  rules  embrace  all  the  cases ; 
1.   When  the  letters  indicating 
two  points  are  joined  together, 
the  point  half-way  between  the 
two       meant ;   thus,  N.  E,  is 
half-way  between  north  and  east;   and  N.  N.  E.  is  half-way  be- 
tween north  and  northeast.     %.   When  the  letters  of  two  points 
are  joined   together  with  the  intermediate  word  by,  it  indicates 
the  point  which  comes  next  after  the  first  in  going  toward  the 
second ;  thus,  N.  by  G.  is  the  point  which  follows  north  in  going 
toward   the  east ;   S.  £.  by  S.  is  the   next  point  from  southeast 
going  toward  the  south. 

172.  Eooentricity.  The  center-pin,  or  pivot  of  the  needle,' 
ought  to  he  exactly  in  the  center  of  the  graduated  circle ;  the 
needle  ought  to  be  straight,  and  the  line  of  the  sights  ought  to 

.  pass  exactly  through  this  center  and  through  the  0  points  of  the 
circle.  If  this  is  not  the  case,  there  wilt  be  an  error  in  every  oh- 
servation.     This  is  called  the  error  of  eccentricity. 

When  the  maker  of  a  compass  is  about  to  fix  the  pivot  in  place, 
he  is  in  doubt  of  two  things :  whether  the  needle  is  perfectly 
straight,  and  whether  the  pivot  is  exactly  in  the  center.  In  Figs. 
137  and  138  both  of  these  are  represented  as  being  excessively  in 

First,  to  examine  if  the  needle  be  straight.  Fix  the  pivot 
temporarily  so  that  the  ends  of  the  needle  may  cut  opposite  de- 
grees— i.  e.,  degrees  differing  by  180°.     The  condition  of  things  at 
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this  stage  of  progress  will  be  represented  by  Fig.  137.     Then  tarn 
the  GompasS'box  half-way  around.     The  error  will  now  be  doubled. 


as  is  shown  by  Fig.  138,  in  which  the  former  position  of  the  needle 
is  indicated  by  a  dotted  line.*  Now  bend  the  needle,  as  in  Fig. 
139,  till  it  cnts  divisions  midway  betwen  those  cnt  by  it  in  its 
present  and  in  its  former  position.  This  makes  it  certain  that  the 
needle  is  straight,  or  that  its  two  ends  and  its  center  lie  in  the  same 
straight  line. 

Second,  to  pnt  the  pivot  in  the  center.  Move  it  till  the 
straightened  needle  cats  opposite  divisions.  It  is  then  certain  that 
the  direction  of  the  needle  passes  through  the  center.  Tnm  the 
compaSH-bos  one  quarter  around,  and,  if  the  needle  does  not  then 
cut  oppraite  divisions,  move  the  pivot  till  it  does.  Repeat  the 
operation  in  various  positions  of  the  box.  It  will  be  a  sufficient 
test  if  it  cuts  the  opposite  divisions  of  0°,  46°,  and  90°. 

To  Sx  the  sights  precisely  in  line,  draw  a  hair  through  their 
slits  and  move  them  till  the  hair  passes  over  the  0  points  on  the 
circle. 

The  surveyor  can  also  examine  for  himself,  by  the  principle  of 
reversion,  whether  the  line  of  the  sights  passes  through  the  center 
or  not.  Sight  to  any  very  near  object.  B^ad  off  the  nnmber  of 
degrees  indicated  by  one  end  of  the  needle.  Then  tnm  the  com- 
pass half  around,  and  sight  to  the  same  object.  If  the  two  read- 
ings do  not  agree,  there  is  an  error  of  eccentricity,  and  the  arith- 
metical mean,  or  halt  sum  of  the  two  readings,  is  the  correct  one. 

In  Fig.  140  the  line  of  8ight  A  B  is  represented  as  passing  to 
*  Thi*  is  another  eiample  of  tbe  fruitful  principle  of  mn-non. 
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one  side  of  the  center,  and  the  needle  as  pointing  to  16°.     In  Fig, 
111  the  compass  is  supposed  to  have  been  tnmed  half  around,  and 


the  other  end  of  the  sights  to  be  directed  to  the  same  object. 
Suppose  that  the  needle  would  have  pointed  to  15°  if  the  line  of 
sight  bad  passed  through  the  center ;  the  needle  will  now  point 
to  14°,  the  error  being  doubled  by  the  reversion,  and  the  true 
reading  being  the  mean. 

This  does  not,  however,  make  it  certain  that  the  line  of  the 
dghts  passes  through  the  0  points,  which  can  only  be  tested  by  the 
liair,  as  mentioned  above. 

173,  LerelB.  On  the  compass-plate  are  two  small  spirit-levels. 
They  consist  of  glass  tubes  slightly  curved  upward,  and  nearly 
filled  with  alcohol,  leaving  a  bubble  of  air  within  them.  One  of 
them  lies  in  the  direction  of  the  sigbte,  and  the  other  at  right 
angles  to  this  direction.  To  adjust  them,  move  the  plate  until 
the  bubblea  are  brought  to  the  centers  of  the  tubes,  and  then  torn 
the  plate  half  way  around.  If  the  bubbles  remain  in  the  center, 
no  adjustment  is  necessary.  If  they  do  not,  bring  the  bubbles 
half  way  back  to  the  center  by  the  screws  which  move  the  babble 
tabes,  and  repeat  the  operation. 

174  Tangent  Seala.  This  is  a  convenient,  though  not  esaen- 
tial,  addition  to  the  compass,  for  the  purpose  of  measuring  the 
slopes  of  ground,  so  that  the  proper  allowance  in  chaining  may  be 
made.     In  the  figure  of  the  compass  may  be  seen,  on  the  edge  of 
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the  left-hand  sight,  a  Htnall  projection  of  brass  with  a  hole  through 
it.  On  the  edge  of  the  other  eight  are  engraved  linea  nnmbered 
from  0°  to  20°,  the  0°  being  of  the  same  height  above  the  compass- 
plate  that  the  eye-hole  is.  To  use  this,  set  the  compass  at  the  bot- 
tom of  a  slope,  and  at  the  top  set  a  signal  of  exactly  the  height  of 
the  eye-hole  from  the  ground.  Level  the  compaea  very  carefully, 
parttcolarly  by  the  level  which  lies  lengthwise,  and,  with  the  eye 
at  the  eye-hole,  look  to  the  signal  and  note  the  number  of  the 
division  on  the  farther  sight  which  is  cut  by  the  visual  ray.  That 
will  be  the  angle  of  the  slope ;  the  distances  of  the  engraved  lines 
from  the  0°  line  being  tangents  (for  the  radius  equal  to  the  dis- 
tance between  the  sights)  of  the  angles  corregponding  to  the  num- 
bers of  the  lines. 

175.  Vernier.  The  compaas-boz  is  connected  with  the  plate 
which  carries  it  and  the  sights,  so  that  it  can  turn  around  on  this 
plate.  This  motion  is  given  to  it  by  a  slow  motion  or  tangent 
screw,  shown  on  the  left  of  the  compass-box  in  the  figure.  The 
space  through  which  the  compass-box  is  moved  is  iudioated  by  a 
vernier.  For  description  of  a  vernier,  and  method  of  reading  it, 
«ee  subject  Verniers  under  Transit-Surveying. 

178.    Tripod.      The    compass,  like    Fig.  U2.  Fig.  ks. 

most  surveying  instntments,  is  usually 
supported  on  a  tripod,  consisting  of 
three  le^,  shod  with  iron,  and  so  con- 
nected at  top  as  to  he  movable  in  any 
direction.  There  are  many  forms  of 
these.  Lightness  and  stiffness  are  the 
qaalities  desired.  The  most  usual  form 
is  shown  in  the  figures  of  the  transit 
and  the  level.  Of  the  two  represented 
in  Figs.  143  and  143  the  first  has  the 
advantage  of  being  very  easily  and 
cheaply  made ;  and  the  second  that  of 
being  light  and  yet  capable  of  very 
firmly  reaisting  horizontal  torsion. 
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The  jointo  b;  which  tho  iDstrameut  is  connected  with  the 
tripod  are  also  varions.  Fig.  144  is  the  "  ball-and-socket  joint," 
moat  naual  in  this  conntry.  It  takes  its  name  from  the  ball  in 
which  t«rminat«s  the  covered  spindle  which  enters  a  corresponding 
cavity  nnder  the  compass-plate  and  the  socket  in  which  this  ball 
tarns.  It  admits  of  motion  in  any  direction,  and  can  be  tightened 
or  loosened  by  taming  the  npper  half  of  tbe  hollow  piece  inclosing 


it,  which  is  screwed  on  the  lower  half.  Fig.  115  is  called  the 
"shell-joint,"  In  it  the  two  shell-shaped  pieces  inclosing  the  ball 
are  tightened  by  a  thnmb-screw.  Fig.  146  is  "Cugnot's  joint" 
It  consists  of  two  cylinders  placed  at  right  angles  to  each  other, 
and  through  the  axes  of  which  pass  bolts,  which  tnm  freely  in  the 
cylinder,  and  can  be  tightened  or  loosened  by  thumb-screws  at 
their  ends.  Tbe  combination  of  the  two  motions  which  this  joint 
permits  enables  the  instmment  which  it  carries  to  be  placed  in  any 
desired  direction.  This  joint  is  mnch  the  most  stable  of  the 
three. 

177.  Jteob'i  Sta£  A  single  leg,  called  a  "Jacob's  staS,"  has 
some  advantages,  as  it  is  lighter  to  carry  in  the  field,  and  can  be 
made  of  any  wood  on  the  spot  where  it  is  to  be  nsed,  thas  saving 
the  ex]<eDBe  of  a  tripod  and  the  trouble  of  its  transportation.  Its 
upper  end  is  fitted  into  the  lower  end  of  a  brass  head  which  has  a 
ball-aud-sockct  joint  and  axis  above.     Its  tower  end  shonld  be  shod 


^dbvGoO^^k' 


THE  COMPAaS.  109 

vith  iron,  and  a  spike  running  through  it  is  osetnl  for  pressing  it 
into  the  groand  with  the  foot.  Of  course,  it  can  not  be  conven- 
iently need  on  frozen  ground  or  on  pavements.  It  may,  however, 
be  set  before  or  behind  the  spot  at  which  the  angle  is  to  be  meaa- 
ored,  provided  that  it  is  placed  very  precisely  in  the  line  of  direc- 
tion from  that  station  to  the  one  to  which  a  sight  is  to  be  taken. 

178.  mw  Prinutlo  OompaM.  The  peonliarity  of  this  instm- 
ment  (often  called  Schmalcalder's)  is  that  a  glass  triangalar  prism 
is  sabstitated  for  one  of  the  sights.  Sncfa  a  prism  has  this  peculiar 
property  that  at  the  same  time  it  can  be  seen  through,  so  that  a 
sight  can  be  taken  through  it,  and  that  its  upper  surface  reflects 
like  a  mirror,  so  that  the  numbers  of  the  degrees  immediately 
under  it  can  be  read  oS  at  the  same  time  that  a  sight  to  any  object 
is  taken.  Another  peculiarity  neoessary  for  profiting  by  the  last 
one    is    that    the    divided  _ 

circle  is  not  fixed,  but  ia 
a  card  fastened  to  the  nee- 
dle and  moving  aroond 
with  it,  ae  in  the  mari- 
ner's compass.  The  mi- 
nute description  which  fol- 
lows is  condensed  from 
Simms. 

In  the  figure,  A  repre- 
sents the  compasB-bos  and 
B  the  card,  which,  being 
attached  to  the  magnetic 
needle,  moves  as  it  moves 

aroond  the  agate  center  a,  on  which  it  is  suspended.  The  cironm* 
ference  of  the  card  is  asually  divided  to  }  or  ^  of  a  degree.  0  ia 
a  prism  which  the  observer  looks  through.  The  perpendicular 
thread  of  the  sight-vane,  E,  and  the  divisions  on  the  card  appear 
together  on  looking  through  the  prism,  and  the  division  with  which 
the  thread  coincides  when  the  needle  is  at  rest,  is  the  "bearing'' 
of  whatever  object  the  thread  may  bisect — i.  e.,  is  the  angle  which 
the  line  of  sight  makes  with  the  direction  of  the  needle.     The 
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prism  is  mounted  with  a  hingo-joiiit,  D.  The  sight-vaiie  has  a 
fine  thread  Btretohed  aloog  its  opeDiog  in  the  direction  of  its 
length,  vhich  is  bronght  to  hisect  any  object  by  taming  the  box 
around  horizontally.  F  is  a  mirror  made  to  slide  on  or  off  the 
flight-vane,  E ;  and  it  may  be  reversed  at  pleaenre — that  is,  turned 
face  downward  ;  it  can  also  be  inclined  at  any  angle  by  means  of 
its  joint,  d;  and  it  will  remain  atationary  on  any  part  of  the  vane 
by  the  friction  of  its  Blidee.  Its  use  is  to  reflect  the  image  of  an 
object  to  the  eye  of  an  observer  when  the  object  is  mnch  above  or 
below  the  horizontal  plane.  The  colored  glasses  represented  at  O 
are  intended  for  observing  the  sun.  At  e  is  shown  a  spring,  which, 
being  pressed  by  the  finger  at  the  time  of  observation  and  then  re- 
leased, checks  the  vibrations  of  the  card,  and  brings  it  more  speed- 
ily to  rest.  A  stop  is  likewise  fixed  to  the  other  side  of  the  box, 
by  which  the  needle  may  be  thrown  off  its  center. 

The  method  of  using  this  instrument  is  very  simple :  First 
raise  the  prism  in  its  socket,  b,  until  you  obtain  a -distinct  view  of 
the  divisions  on  the  card.  Then,  standing  over  the  point  where 
the  angles  are  to  be  taken,  hold  the  instrument  to  the  eye,  and, 
looking  through  the  slit,  C,  turn  around  till  the  thread  in  the 
sight-vane  bisects  one  of  the  objects  whose  bearing  is  required ; 
then,  by  touching  the  spring,  e,  bring  the  needle  to  rest,  and  the 
division  on  the  card  which  coincides  with  the  thread  on  the  vane 
will  be  the  bearing  of  the  object  from  the  north  or  south  points  of 
the  magnetic  meridian.  Then  turn  to  any  other  object  and  repeat 
the  operation  ;  the  difference  between  the  bearing  of  this  object 
^^  ^^^  and  that  of  the  former  will  be  the 

angular  distance  of  the  objects  in 
question.  Thus,  suppose  the 
former  bearing  to  be  40°  80',  and 
the  latter  10°  16',  both  east  or 
both  west,  from  the  north  or 
south,  the  angle  will  be  30°  15'. 
The  divisions  are  generally  num- 
bered 5°,  10°,  15°,  etc,  aronnd  the 
circle  to  360°. 

The    figures    on    the  compass- 
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card  are  reversed  or  written  upside  down,  sh  id  the  flgnre  (ia 
which  ontj  every  fifteeath  degree  ia  marked),  beoanae  they  are 
again  revereed  by  the  prism. 

The  prismatic  compass  is  generally  held  in  the  hand,  the  bear- 
ing being  canght,  as  it  were,  in  passing;  bnt  more  accurate  read- 
ings wonld,  of  course,  be  obtained  if  it  rested  on  a  support,  such  as 
a  stake  cut  Sat  on  its  top. 

In  the  former  mode,  the  needle  never  comes  completely  to  rest, 
particularly  in  the  wind.  In  such  cases,  observe  the  extreme  divis- 
ions between  which  the  needle  vibrates,  and  take  their  arithmeti- 
cal mean.    . 

179.  Defieeti  of  the  Compua.  The  compass  is  deficient  in  both 
precision  and  correctness.* 

The  former  defect  arises  from  the  indeGniteness  of  its  mode  of 
indicating  the  part  of  the  circle  to  which  it  points.  The  point  of 
the  needle  has  considerable  thickness;  it  can  not  qaite  touch  the 
divided  circle  ;  and  these  divisions  are  made  only  to  whole  or  half 
degrees,  though  a  fraction  of  &  division  may  be  estimated  or 
gnessed  at.  The  vernier  does  not  much  better  thi^  as  we  shall  see 
when  explaining  its  use.  ^ow,  an  inaccuracy  of  one  quarter  of  a 
degree  in  an  angle — i,  e.,  in  the  difference  of  the  directions  of  two 
lines — causes  them  to  separate  from  each  other  6J  inches  at  the  end 
of  100  feet ;  at  the  end  of  1,000  feet,  nearly  4^  feet ;  and,  at  the 
end  of  a  mile,  23  feet.  A  difference  of  only  one  tenth  of  a  degree, 
or  six  minutes,  wonld  produce  a  difference  of  1]  foot  at  the  end 
of  1,000 feet;  and  ^\  feet  at  the  distance  of  a  mile.  Such  are 
the  differences  which  may  resnlt  from  the  want  of  precision  in 
the  indications  of  the  compass. 

But  a  more  serious  defect  is  the  want  of  correctnest  in  the  com- 
pass. Its  not  pointing  exactly  to  the  true  north  docs  not,  indeed, 
affect  the  correctness  of  the  angles  measured  by  it.  But  it  does 
not  point  in  the  same  or  in  a  parallel  direction  during  even  the 

*  Tbc  Mudent  mast  not  confound  these  two  qiuktitiM.  To  Mf  that  the  sun  ap- 
iicara  to  rise  in  the  eastern  quarter  of  the  heaTenn  and  to  set  in  thewMtern  Is  eorree', 
bat  not  preritt.  A  watch  with  a  secoml-hnnd  indicatce  the  time  of  day  preeinrfi/,  tiul 
not  alwBja  eorrteilii.  The  sUtement  that  two  and  two  make  BtC  ia  jnwwc,  but  i«  not 
DBuailj  n^rded  as  coneet. 
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same  day,  but  changes  its  direfltion  between  snnrise  and  noon 
nearly  a  quarter  of  a  degree,  as  will  be  fully  explained  hereafter. 
The  effect  of  sacb  a  difference  we  hare  just  Been.  This  direc- 
tion may  also  be  greatly  altered  in  a  moment,  without  the 
knowledge  of  the  auireyor,  by  a  piece  of  iron  being  brought  near 
to  the  compass,  or  by  some  other  local  attraction,  as  will  be  noticed 
in  ArL  186.     This  is  the  weak  point  in  the  compass. 

Notwithstanding  these  defects,  the  compasa  is  a  very  valuable 
InBtrnmeDt,  from  its  simplicity,  rapidity,  and  convenience  in  use  ; 
and,  though  never  precise,  and  seldom  correct,  it  is  generally  not 
very  wrong. 

THX  FUXD-WOSK. 

160;  Taikiiig  Braringi.  The  "bearing"  of  a  line  is  the  angle 
which  it  makes  with  the  direction  of  the  needle.  The  bearing  and 
length  of  a  line  are  named  collectively  the  Course. 

To  take  the  bearing  of  any  line,  set  the  compass  exactly  over 
any  point  of  it  by  a  plumb-line  suspended  from  beneath  the  center 
of  the  compass,  or,  approximately,  by  dropping  a  stone.  Level 
the  compasa  by  bringing  the  air-bnbbleB  to  the  middle  of  the  level 
tubes.  Direct  the  sights  to  a  rod  held  truly  vertical  or  "  plumb  " 
at  another  point  of  the  line,  the  more  distant  the  better.  The  two 
ends  are  osaally  taken.  Sight  to  the  lowest  visible  point  of  the 
rod.  When  the  needle  comes  to  rest,  note  what  division  on  the 
cirole  it  points  to  ;  taking  the  one  indicated  by  the  north  end  of 
the  needle,  if  the  north  point  on  the  cirole  is  farthest  from  you, 
and  vice  versa. 

In  reading  the  division  to  which  one  end  of  the  needle  pointe, 
the  eye  should  be  placed  over  the  other  end,  to  avoid  the  error 
which  might  result  from  the  "parallax,"  or  apparent  change  of 
place  of  the  end  road  from,  when  looked  at  obliquely. 

The  bearing  is  read  and  recorded  by  noting  between  what  let- 
ters the  end  of  the  needle  comes,  and  to  what  number ;  naming, 
or  writing  A.owa,  first,  that  letter,  N.  or  S.,  which  is  at  the  0° 
point  nearest  to  that  end  of  the  needle  from  which  yon  are  read- 
ing J  second,  the  nnmber  of  degrees  to  which  it  points ;  and, 
third,  the  letter  E.  or  W.  of  the  90°  point  which  is  nearest  to  the 
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3ame  end  of  the  needle.  Thas,  in 
the  fignre,  if  when  the  Bights  vera 
directed  along  a  line  (the  north 
point  of  the  compose  being  most 
distant  from  the  oheeTver)  the 
north  end  of  the  needle  was  at  the 
point  A,  the  bearing  of  the  line 
dgbted  on  would  be  north  15°  east ; 
if  the  end  of  the  needle  was  at  B, 
the  bearing  wonld  be  east;  if  at 
0,  S.  30°  K  ;  if  at  D,  south  ;  if  at 
E,  S.  60°  W.  ;  if  at  F,  west ;  if  at  G,  N. 


■'  W.  ;  if  at  H,  north. 


Fia.  160. 


181,  We  can  now  nnderstand  why  W.  is  on  the  right  hand  ot 
the  compass-box  and  £.  on  the  left.  Let  the  direction  from  the 
center  of  the  compass  to  the  point 
B  in  the  fignre  be  required,  and 
suppose  the  sights  in  the  first  place 
to  be  pointing  in  the  direction  of 
the  needle,  S.  N.,  and  the  north 
sight  to  be  ahead.  When  the  sights 
(and  the  circle  to  which  they  are 
fastened)  have  been  tamed  so  as  to 
point  in  the  direction  of  B,  the 
point  of  the  circle  marked  E.  will 
have  come  ronnd  to  the  north  end  of  the  needle  (since  the 
needle  remains  immovable),  and  the  reading  will  therefore  be 
"east,"  as  it  should  be.  The  effect  on  the  reading  is  the  same  as 
if  the  needle  had  moved  to  the  left  the  same  distance  which  the 
sights  have  moved  to  the  right,  and  the  left  side  is  therefore 
properly  marked  "east,"  and  vice  versa.  So,  too,  if  the  hearing 
.of  the  line  to  C  be  desired  half-way  between  north  and  east — i.  e., 
N,  45°  E. ;  when  the  sights  and  the  circle  have  turned  46"  to  the 
right,  the  needle,  really  standing  still,  has  apparently  arrived  at 
the  point  half-way  between  N.  and  E.,  i.  e.,  N.  45°  E. 

Some  surveyors'  compasses   are   marked    the   reverse  of   this, 
the  E.  on  the  right  and  the  W.  on  the  left    These  letters  most 
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then    be    reveiBed    in    the    mind    before    the    bearing   ia  noted 
dovn. 

182.  Seading  witli  Vernier.  When  the  needle  does  not  point 
precisely  to  one  of  the  diTisioii-markB  on  the  circle,  the  fractional 
part  of  the  smallest  space  is  usually  estimated  by  the  eje,  as  has 
been  explained.  Bat  this  fractional  part  may  be  measured  by  the 
vernier  as  follows  :  Suppose  the  needle  to  point  between  N.  31°  £. 
and  N.  31^°  E.  Turn  the  tangent-screw  which  moves  the  com- 
pass-box till  the  smaller  division  (in  this  case  31°)  has  come  round 
to  the  needle.  The  vernier  will  then  indicate  throngb  what  spaoe 
the  oompoas-box  has  moved,  and  therefore  how  much  mnst  be 
added  to  the  reading  of  the  needle.  Suppose  it  indicates  ten  mia- 
ntes  of  a  degree.  Then  the  bearing  is  N.  31°  10'  E.  It  is,  how- 
ever, BO  difficult  to  move  the  vernier  withont  disturbing  the  whole 
instrument,  that  this  is  seldom  resorted  to  in  practice.  The  chief 
use  of  the  vernier  is  to  set  the  instrument  for  ranning  lines  and 
making  an  aUowance  for  the  variation  of  the  needle,  as  will  be  ex- 
plained in  the  proper  place.  A  vernier  arc  is  sometimes  attached 
to  one  end  of  the  needle  and  carried  aronad  by  it 

183.  Praotioal  Hinti.  Mark  every  station  or  spot  at  which  the 
compass  is  set  by  driving  a  stake,  or  digging  np  a  sod,  or  piling  up 
stones,  or  otherwise,  so  that  it  can  be  found  if  any  error  or  other 
cause  makes  it  necessary  to  repeat  the  survey. 

Very  often,  when  the  line  of  which  the  bearing  is  required  is  a 
fence,  etc.,  the  compass  can  not  be  set  upon  it.  In  such  cases, 
set  the  compass  so  that  its  center  is  a  foot  or  two  from  the  line, 
and  set  the  flag-staff  at  precisely  the  same  distance  from  the  line  at 
the  other  end  of  it.  The  bearing  of  the  flag-staff  from  the  com- 
pass wilt  be  the  same  as  that  of  the  fence,  the  two  lines  being 
parallel.  The  distances  shonld  be  measured  on  the  real  line.  If  ■ 
more  convenient,  the  compass  may  be  set  at  some  point  on  the  line 
prolonged,  or  at  some  intermediate  point  of  the  line,  "in  line" 
between  its  extremities. 

In  setting  the  compass  level,  it  is  more  important  to  have  it 
level  crosswise  of  the  sights  than  in  their  direction  ;  since,  if  it  be 
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not  80,  on  looking  np  or  down  hill  through  the  apper  part  of  one 
eight  and  the  lower  part  of  the  other,  the  line  of  sight  will  not  be 
parallel  to  the  N.  and  S.  or  zero  line  on  the  oompau,  and  an  incor- 
rect bearing  will  therefore  be  obtained. 

The  compaes  ahoold  no/  be  lereled  by  the  needle,  as  some  books 
recommend — ^i.  e.,  so  leveled  that  the  ends  of  the  needle  shall  be 
at  eqaal  distancee  below  the  glaBs.  The  needle  should  be  brought 
80  originally  by  the  maker,  bat,  if  bo  adjaeted  in  the  morning,  it 
will  not  be  so  at  noon,  owing  to  the  daily  variation  in  the  dip.  If, 
then,  the  compass  be  leveled  by  it,  the  lines  of  eight  will  generally 
be  more  or  less  oblique,  and  therefore  erroneons.  If  the  needle 
toQches  the  glass  when  the  oompass  is  leveled,  balance  it  by  eliding 
the  coil  of  wire  along  it. 

The  same  end  of  the  compass  should  always  go  ahead.  The 
north  end  is  preferable.  The  south  end  will  then  be  neaiest  to 
the  observer.  Attention  to  this  and  to  the  caution  in  the  next 
paragraph  will  prevent  any  confnston  in  the  bearings. 

Always  take  the  readings  from  the  same  end  of  the  needle ; 
from  the  north  end,  if  the  north  end  of  the  compass  goes  ahead, 
and  vic6  versa.  This  is  necessary,  beoanse  the  two  ends  will  not 
always  cut  opposite  degrees.  With  this  precaution,  however,  the 
angle  of  two  meeting  lines  can  be  obtained  correctly  from  either 
end,  provided  the  same  one  is  used  in  taking  the  bearings  of  both 
the  linee. 

Guard  against  a  very  frequent  source  of  error  with  beginners 
in  reading  from  the  wrong  number  of 
the  two  between  which  the  needle  pointe,  _^°'.^'"', 

snch  as  reading  34"  for  36°  in  a  case  like 
that  in  the  Bgnre. 

Cheek  the  vibrations  of  the  needle 
by  gently  raising  it  off  the  pivot  so  as 
to  touch   the  glass,  and  letting  it  down  again  by  the  screw  on 
the  under  side  of  the  box. 

The  compass  ehould  be  smartly  tapped  after  the  needle  hae 
settled,  to  destroy  the  effect  of  any  adhesion  to  the  pivot  or  fric- 
tion of  dust  upon  it. 

All  [ron^  such  as  the  chain,  etc.,  must  be  kept  at  a  distance 
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from  the  compasB,  or  it  will  attract  the  needle,  and  caoae  it  to 
deviate  from  its  proper  direction. 

The  aurrejor  is  sometimes  troubled  by  the  needle  refnaiog  to 
traverse  and  adhering  to  the  glass  of  the  oompaas  after  he  has 
briskly  wiped  this  off  with  a  silk  handkerohief,  or  it  has  been  car- 
ried BO  as  to  mb  against  bis  clothes.  The  canse  is  the  electricity 
excited  by  the  friction.  It  is  at  once  discharged  by  applying  a  vet 
finger  to  the  glass. 

A  compass  shonid  he  carried  with  its  face  resting  against  the 
Bide  of  the  Borreyor,  and  one  of  the  sights  hooked-  over  his  arm. 

In  distant  surreys  an  extra  center-pin  shoold  be  carried  (as  it 
is  very  liable  to  injury,  and  its  perfection  is  most  essential),  and 
alfo  an  extra  needle.  When  two  saoh  are  carried  they  should  be 
placed  so  that  the  north  pole  of  one  rests  against  the  south  pole  of 
the  other. 

184.  When  the  magnetism  of  the  needle  is  lessened  or  de- 
stroyed by  time,  it  may  be  renewed  as  follows :  Obtain  two  bar 
magnets.  Provide  a  board  with  a  hole  to  admit  of  the  axis,  so 
that  its  collar  may  fit  fairly,  and  that  the  needle  may  rest  flat  on  it 
without  bearing  at  the  center.  Place  the  board  before  yon  with 
the  north  end  of  the  needle  to  your  right.  Take  a  magnet  in 
each  hand,  the  left  holding  the  north  end  of  the  bar,  or  that  which 
has  the  mark  across,  downward,  and  the  right  holding  the  same 
mark  upward.  Bring  the  bars  over  the  axis,  abont  a  foot  above 
it,  without  approaching  each  other  within  two  inches  ;  bring  them 
down  vertio^ly  on  the  needle  (the  marks  as  directed)  abont  an 
inch  on  each  side  of  its  axis  ;  slide  them  outward  to  its  ends  with 
alight  pressure  ;  raise  them  up ;  bring  them  to  their  former  posi- 
tion, and  repeat  this  a  number  of  times. 

185.  Baok-Sights.  To  test  the  accuracy  of  the  bearing  of  a  line 
taken  at  one  end  of  it,  set  up  the  compass  at  the  other  end  or  point 
sighted  to,  and  look  back  to  a  rod  held  at  the  first  station  or  point 
where  the  compass  bad  been  placed  originally.  The  reading  of  the 
needle  shonid  now  be  the  same  as  before. 

It  the  position  of  the  sights  had  been  reversed,  the  reading 
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woald  be  the  Reverse  Bearing ;  a  former  bearing  of  N.  30°  £. 
would  then  be  S.  30"  W  ^  and  bo  on. 


186.  Load  Attnotioil.  If  the  back-sight  does  not  agree  vith 
the  first  or  forward  sight,  this  latter  mnet  be  taken  over  again.  If 
the  same  difference  is  again  foand,  this  shows  tliat  there  is  locai 
attraction  at  one  of  the  stations — i.  e.,  some  infinenoe,  snch  as  a 
maas  of  iron-ore,  fermginons  rooks,  etc,  nnder  the  surface,  which 
attracts  the  needle,  and  makes  it  deviate  from  its  nsoal  direction. 
Any  high  object,  such  aa  a  honse,  a  tree,  etc,  has  been  found 
to  prodnce  a  similar  effect. 

To  discover  at  which  station  the  attraction  exists,  set  the  com- 
pass at  several  intermediate  points  in  the  line  which  joins  the  two 
stations,  and  at  points  in  the  line  prolonged,  and  take  the  bearing 
of  the  line  at  each  of  these  points.  The  agreement  of  several  of 
these  bearings,  taken  at  distant  points,  will  prove  their  correctness. 
Otherwise,  set  the  compass  at  a  third  station,  sight  to  each  of  the 
two  doabtful  ones,  and  then  from  them  back  to  this  third  station. 
This  will  show  which  is  correct. 

When  the  difference  occurs  in  a  series  of  lines,  snch  as  around  a 
field  or  along  a  road,  proceed  thos  :  Let  0  be  the  station  at  which 
the  back-sight  to  B  differs 
from  the  fore-sight  from  B  to 
C.  Since  the  back-sight  from 
B  to  A  is  supposed  to  have 
agreed  with  the  fore -sight 
from  A  to  B,  the  local  attrac- 

^     __  tion  mast  be  at  0,  and  the  forward 

bearing  must  be  corrected  by  the  dif- 
ference just  found  between  the  fore- 
and  back-sights,  adding  or  subtracting 
it,  according  to  circumstances.  An 
easy  method  is  to  draw  a  fignre  for  the 
case,  as  in  Fig.  153.  In  it,  suppose 
the  true  bearing  of  B  0,  as  given  by 
a  fore-sight  from  B  to  C,  to  be  N.  40' 
E.,  but  that  there  is  local  attraction 
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at  0,  80  tbat  the  needle  is  drawn  aside  10°,  and  points  in  the  di- 
rection S'N'  inBtead  of  S  N.  The  back-sight  from  C  to  Bwill 
then  give  a  bearing  of  N.  60°  E.  ;  a  diSeTence  or  correction  for 
the  next  fore-sight  of  10°.  If  the  next  fore-sight,  from  C  to  D, 
be  N.  70'  E.,  this  10°  must  he  subtracted  from  it,  making  the 
true  fore-sight  N.  60°  B. 

A  general  rale  may  also  he  given.  When  the  back-sight  is 
greater  than  the  fore'sight,  as  in  this  case,  subtract  the  difference 
from  the  next  fore-eight,  if  that  conrse  and  the  preceding  one 
have  both  their  letters  the  same  (as  in  this  case,  both  being  N.  and 
E.),  or  both  their  letters  different ;  or  add  the  difference  if  either 
the  first  or  last  letters  of  the  two  conrses  are  different.  When  the 
baci-eight  is  leas  than  the  fare-sight,  add  the  difference  in  the  case 
in  which  it  has  just  been  directed  to  subtract  it,  and  subtract  it 
where  it  was  before  directed  to  add  it. 

187.  Angles  of  Deflection.  When  the  compass  indicates  much 
local  attraction,  the  difference  between  the  directions  of  two  meet- 
ing lines  (or  the  ''angle  of  deflection"  of  one  from  the  other)  can 
still  he  correctly  measured  by  taking  the  difference  of  the  bearings 
of  the  two  lines,  as  obBerved  at  the  same  point  For  the  error 
caused  by  the  local  attraction,  whatever  it  may  be,  affects  both 
hearings  equally,  inasmuch  as  a  "bearing"  is  the  angle  which  a 
line  makes  with  the  direction  of  the  needle,  and  that  here  remains 
fixed  in  some  one  direction,  no  matter  what,  during  the  taking  of 
the  two  hearings.  Thus,  in  Fig.  163,  let  the  true  hearing  of  B  0— 
i.  e.,  the  angle  which  it  makes  with  the  line  8N — be,  as  before, 
N.  40°  E.,  and  that  of  0  D,  N.  60°  E.  The  true  "angle  of  deflec- 
tion" of  these  lines,  or  the  angle  B'OD,  is  therefore  W.  Now, 
if  local  attraction  at  C  causes  the  needle  to  point  in  the  direction 
of  S'  N',  10°  to  the  left  of  its  proper  direction,  B  0  will  bear  N. 
60°  E.,  and  CD  N".  70°  E.,  and  the  difference  of  these  bearings — 
1.  e.,  the  angle  of  deflection — will  be  the  same  as  before, 

188.  Angles  between  Connea.  To  determine  the  angle  of  de- 
flection of  two  courses  meeting  at  any  point,  the  following  simple 
rules,  the  reasons  of  which  will  appear  from  the  accompanying 
figures,  are  sufficient : 
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Case  1.  When  the  first  letters  of  the  bearing  are  alike  (i.  e., 
both  N.  or  both  S.),  and  the  last  letters  also  alike  (i.  e.,  both  E.  ot 
both   W.),   take    the   difference  of    the 
bearings.      Example:  If    AB  bears  N.  Fw.  is^ 

30°  £.,  and  B  C  bears  N.  10°  K,  the 
angle  of  deflectioo  C  B  B'  is  20°. 

Cote  2.    WLen  the  first  letters  are 
alike  and  the  last  letters  different,  take 
the  sam  of  the  bearings.     Ex. :  If  A  B      W- 
bears  N.  40"  E.  and  B  0  bears  N.  20" 
W.,  the  angle  C  B  B'  is  60°. 

Oase  3.    When   the  first  letters   are  <''  '"g 

different  and  the  last  letters  alike,  sab- 
tract  the  snm  ot  the  bearings  from  180°. 
^^  Fia  KB.  ^j.   .   If  A  B  bears  N.   30"   E.  and  B  0 

bears  8.  40°  E.,  the  angle  C  B  B'  is  110". 
/  Oase  4.  When  both  the  first  and  last 

letters  are   different,  subtract  the  differ- 
ence of  the  bearings  from  180°.     Ex. :  If 
■■-■     A  B  bears  S.   30°  W.  and  B  C  bears  N. 
70°  E.,  the  angle  0  B  B'  is  140°. 

1/  the    angles    included    between    the 

courses  are  desired,  they  will  be  at  once 

found  by  reversing  one  bearing  and  then 

applying  the  above  rules;  or  by  Bubtractiog  the  results  obtained 

as  above  from  180° ;  or  an  analogous  set  of  rales  could  be  formed 

for  them. 
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189.  To  ohan^  Bearinga.  It  is  conTeoieot  in  certain  o^nlfr 
tions  to  suppose  one  of  the  lines  of  s  enrrey  to  change  its  di- 
rectiou  bo  as  to  become  dne  north  and  south;  that  is,  to  be- 
come a  new  meridian  line.  It  is,  then,  neceesar;  to  determine 
what  the  beuinga  of  the  other  lines  will  be,  BuppoaiDg  them  to 
change  with  it  The  snbject  may  be  made  plain  by  Bapposing 
the  Borrey  to  be  platted  in  the  nsnal  way,  with  the  north  np- 
pennost,  and  the  plat  to  be  then  tamed  aronnd  till  the  line  to 
be  changed  is  in  the  desired  direction.  The  effect  of  thie  on 
the  other  lines  will  be  readily  seen.  A  general  rule  oan  also  be 
formed : 

Take  the  difference  between  the  original  bearing  of  the  side 
which  becomes  a  meridian,  and  each  of  those  bearings  which  hare 
both  their  letters  the  same  as  it,  or  both  different  from  it.  The 
changed  bearings  of  these  lines  retain  the  same  letters  as  before,  if 
they  were  originally  greater  than  the  original  bearing  of  the  new . 
meridian  line  ;  hot,  if  they  were  less,  they  are  thrown  on  the  other 
side  of  the  N.  and  8.  line,  and  their  last  letters  are  changed,  £. 
being  pat  for  W.,  and  W.  for  E. 

Take  the  sum  of  the  original  bearing  of  the  new  meridian  line, 
and  each  of  those  bearings  which  hare  one  letter  the  same  as  one 
letter  of  the  former  bearing  and  one  different.  If  this  snm  exceeds 
90°,  this  shows  that  the  line  is  thrown  on  tbe  other  side  of  the 
east  or  west  point,  and  tbe  difference  between  this  sam  and  180° 
will  be  the  new  bearing,  and  the  first  letter  will  be  changed,  N. 
being  pnt  for  S.  and  S.  for  N. 

Example :  Let  the  bearings  of  the  sides  of  a  field  be  aa  follows  : 
N.  38°  E. ;  N.  80"  E.  ;  S.  48°  E.  ;  S.  18°  W. ;  N.  73$°  W.  ;  North. 
Snppose  the  first  side  to  become  dae  north ;  the  changed  bearings 
will  then  be  as  follows  :  North  ;  N.  48°  E  ;  S.  80°  E. ;  S.  14"  E.  ; 
S.  74i°  W.  ;  N,  32°  W. 

To  apply  the  rale  to  the  "North"  course,  as  above,  it  must 
be  called  N.  0"  W.  ;  and  then,  by  the  mle,  38°  must  be  added 
to  it. 

The  tnie  bearings  can,  of  conrse,  be  obtained  iiom  the  changed 
bearings  by  reversing  the  operation,  taking  the  snm  instead  of  die 
difference,  and  vice  versa. 
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190.  Line-Bnmyiiig.  This  oame  may  be  given  to  surreys  ui 
lines,  snch  &b  the  windings  of  a  brook,  tbe  curves  of  a  road,  etc., 
by  way  of  distinotioD  from  Farm-Surveying,  in  which  the  lines 
snrveyed  inclose  a  space. 

To  sorvey  a  brook,  or  any  similar  line,  set  the  compass  at  or 
near  one  end  of  it,  and  take  the  bearing  of  an  imaginary  or  Tisnal 


line  mnning  in  the  general  average  direction  of  the  brook,  such  as 
A  B  in  the  figure.  Measure  this  line,  taking  ofisets  to  the  varioas 
bends  of  the  brook,  aa  explained  in  Art.  97.  Then  set  the  com- 
pass at  B,  and  take  a  back-sight  to  A,  uid,  if  they  agree,  take 
a  fore-sight  to  0,  and  proceed  as  before,  noting  partioalarly  the 
points  where  the  line  crosses  the  brook. 

To  snrvey  a  road,  take  the  bearing  and  lengths  of  the  lines 


which  can  be  most  conveniently  measured  in  the  road,  and  measnro 
offsets  on  each  side  to  the  outside  of  the  road. 

When  the  line  of  a  new  road  is  surveyed,  the  bearings  and 
lengths  of  the  various  portions  of  its  intended  center-line  should  be 
measured,  and  the  distance  which  it  runs  through  each  man's  land 
should  be  noted.  Stones  shonid  be  set  in  the  gronnd  at  reoorded 
distances  from  each  angle  of  the  line,  or  in  each  line  prolonged 
a  known  distance,  so  as  not  to  be  dietarbed  in  making  the 
road. 

In  snrveying  a  wide  river,  one  bank  may  be  surveyed  by  the 
method  just  giveo,  and  points  on  the  opposite  banks,  as  trees,  etc., 
may  be  fixed  by  the  method  of  intersections  founded  on  the  fourth 
method  of  determining  the  position  of  a  point. 
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ISl.  Checki  by  Inteneotiiig  Bsaringi.  At  each  station  at  which 
tbe  compass  is  set  take  bearings  to  some  lemarkable  object,  such  as 
a  oharch-steepic,  a  distant  house,  a  high  tree,  etc  At  least  three 
bewings  should  be  taken  to  each  object  to  make  it  of  an;  use, 
siiice  two  are  necessar;  to  determine  it  (by  onr  fourth  method), 
and,  till  thus  determined,  it  oan  be  no  check.  When  the  line  is 
platted,  by  the  methods  to  be  explained  hereafter,  plat  also  the 
lines  given  by  these  hearings.  If  those  taken  to  tbe  same  object 
from  three  different  stations,  intersect  in  the  same  point,  this 
provee  that  there  has  been  no  mistake  in  the  surrey  or  platting  of 
those  stations. 

If  any  bearing  does  not  intersect  a  point  fixed  by  prerioos  beaj> 
ings,  it  shows  that  there  has  been  an  error,  either  between  the  last 
station  and  one  of  those  which  fixed  the  point,  or  in  the  last  bear- 
ing  to  the  point  To  discover  wliich  it  was,  plat  the  following 
line  of  the  surey,  and,  at  its  extremity,  set  off  tbe  bearing  from  it 
to  the  point,  and,  if  the  line  thus  platted  passes  through  the  point, 
it  proves  that  there  was  no  error  in  the  line,  bnt  only  in  the  bearing 
to  the  point  If  otherwise,  the  error  was  somewhere  in  tbe  line 
between  the  stations  from  which  the  bearings  to  that  point  were 
taken. 

192.  Keeping  the  Tield'Kotes.  The  simplest  and  easiest  method 
for  a  beginner  is  to  make  a  rough  sketch  of  tbe  survey  by  eye,  and 
write  down  on  the  lines  their  bearings  and  lengths. 

An  improvement  on  this  is  to  actually  lay  down  the  precise 
bearings  and  lengths  of  the  lines  in  the  field-book  in  the  manner  to 
be  explained  in  the  section  on  Platting,  Art  209. 

193.  A  gecond  method  is  to  draw  a  straight  line  np  the  page  of 
the  field-book,  and  to  write  on  it  the  bearings  and  lengths  of  the 
lines.  The  only  advantage  of  this  method  is  that  the  line  will  not 
run  oQ  the  side  of  the  page,  as  it  is  apt  to  do  in  the  preceding 
method. 

194.  A  third  method  is  to  represent  the  line  surveyed  by  a 
double  column,  as  in  Art  84,  which  should  be  now  referred  to. 
The  bearings  are  written  obliquely  up  the  columns     At  the  end  of 
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eacli  connie  its  length  ia  writtea  in  the  colamn,  and  a  line  drawn 
scroas  it.  Dotted  lines  are  drawn  acrose  the  oolnmn  at  anj  inter- 
mediate measarement.  Oflsets  are  noted  as  explained  in  Art  97. 
The  intersection  bearings,  described  in  Art.  191,  should  be  en- 
tered in  the  field-boolc  before  the  bearingB  of  the  line,  in  order  to 
avoid  mistakes  of  platting  in  setting  off  the  measured  distances  on 
the  wrong  line. 

196.  A  fourth  method  is  to  write  the  stations,  hearings,  and 
distanoes  in  three  colomns.  This  is  compact,  and  haa  the  advan- 
tage, when  applied  to  farm-surrey^Dg,  of  presenting  a  form  snitable 
for  the  subeeqaent  calculations  of  content,  bat  does  not  give  facili- 
ties for  noting  oSsets. 

Examples  of  these  four  methods  are  given  in  Art.  199,  which 
contains  the  Oeld-notes  of  the  lines  bounding  a  field. 

x96.  "Saw  York  Cuutl-Hapi,  The  following  is  a  description  of 
the  original  maps  of  tlie  smre;  of  the  line  of  the  New  York  Erie 
Oan^,  as  published  by  the  Canal  Commissioners.  The  figure 
represents  a  portion  of  such  a  map,  but,  necessarily,  with  all  ita 
lines  black,  red  and  blue  lines  being  used  on  the  real  map : 

"The  Red  Line  described  along  the  inner  edge  of  the  towing* 
path  is  the  base-line,  npon  which  all  the  measurements  in  the  di- 


rection of  the  length  of  the  canal  were  made.  The  bearings  r< 
to  the  magnetic  meridian  at  the  time  of  the  survey.  The  lengths 
of  the  several  portions  are  inserted  at  the  end  of  each  in  chains  and 
links.  The  offsets  at  each  station  are  represented  by  red  lines 
drawn  across  the  canal  in  such  a  direction  as  to  bisect  the  angles 
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formed  bj  the  two  contignoas  portions  of  the  red  or  base  line  upon 
the  towing-path.  The  intermediate  offeet^  are  eet  off  at  right 
angles  to  the  base-line,  and  the  distances  oq  both  are  giren  from  it 
in  links.  The  intermediate  offsets  are  represented  by  red  dotted 
linen,  and  the  distances  to  them  upon  the  base-line  are  reckoned, 
in  each  case,  from  the  last  preceding  station.  The  same  is  likewise 
done  with  the  other  distances  upon  the  baae-line ;  those  to  the 
bridges  being  taken  to  the  lines  joining  tlie  nearest  angles  or  comer 
posts  of  their  abutments  ;  tbosc  to  the  locks  extending  lo  the  lines 
passing  through  the  centers  of  the  two  nearest  quoin-posts;  and 
those  to  the  aqueducts  to  the  faces  of  their  abntmenti!.  The  space 
iacloeed  by  the  Blue  Likes  represents  the  portion  embraced  with- 
in  the  limits  of  the  survey  as  belonging  to  the  State ;  and  the 
names  of  the  adjoining  proprietors  are  given  as  they  stood  at  the 
time  of  executing  the  survey.  The  distances  are  projected  upon  a 
teal*  of  two  chains  to  the  inch." 

197.  Farm-Snrveylng.  A  farm  or  field  or  other  space  included 
within  known  lines  is  nsnally  surveyed  by  the  compass  thus  :  Begin 
by  walking  around  the  boundary-lines  and  setting  stakes  at  all  the 
comers,  which  the  fiag-man  should  specially  note,  so  that  he  may 
readily  find  them  again.  Then  set  the  compass  at  any  comer,  and 
send  the  fiag-man  to  the  next  comer.  Take  the  bearing  of  the 
bounding-line  running  from  comer  to  comer,  which  is  asaally  a 
fence.  Measure  its  length,  taking  offsets  if  necessary.  Note 
where  any  other  fence,  or  road,  or  other  line  crossea  or  meets  it, 
and  take  their  bearings.  Take  the  compass  to  the  end  of  this  first 
bounding-line;  sight  back,  and,  if  the  back-sight  agrees,  take  the 
bearing  and  distance  of  the  next  bounding-line  ;  and  so  proceed  till 
you  have  got  back  to  the  point  of  starting. 

198.  Where  speed  is  more  important  than  accuracy  in  a  snr- 
vey,  whether  of  a  line  or  a  farm,  the  compass  need  be  set  only  at 
every  other  station,  taking  a  forward  sight  from  the  first  station  to 
the  second  ;  then,  setting  the  compass  at  the  third  station,  taking 
a  back-sight  to  the  second  station  (but  with  the  north  point  of  the 
compass  always  ahead),  and  a  fore-sight  to  the  fonrth  ;  then  going 
to  the  fifth,  and  so  on.     This  is,  however,  not  to  be  recommended. 
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199.  Field-Hotel. 

The  field-notee  of  a 
fftrm-aurvey  may  be 
kept  bj  any  of  the 
methode  which  have 
been  described  with 
refereDCe  to  a  line- 
survey.  Below  are 
given  the  6eId-note8 
of  the  same  field  re- 
corded by  each  of 
the  methods. 


Seeond  Method.       Third  Method,* 


FetirtA  Method. 


«.™». 

<«.T«««. 

N.  B5°    E. 
N.  88i"  E. 
a  67*    E. 
S.  841°  "W. 
N.  6«t'  W. 

3-70 
1-39 
8-3S 
8-66 
8-38 

*  Id  tlM  "thiid  method  "  the  beftriogi  shonld  be  wHtten  obliqnel;  upward,  M 
directed  in  Art.  IM,  but  tre  dui  ho  printed  here,  tram  tn>ognphical  difficulties. 
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200.  The  field-notes  of  a  field  in  which  offsets  oocar  may  be 
most  easily  recorded  by  the  third  method,  as  in  Fig.  163. 

When  the  field-not«8  are  recorded  by  the  fonrth  method,  the 
offsets  may  be  kept  Id  a  separate  table,  in  which  the  first  colnmD 
will  contain  the  stations  from  which  the  meaamvments  are  made, 
the  second  colnmn  the  distances  at  which  they  occur,  the  third 
colnmn  the  lengths  of  the  offsets,  and  the  fourth  colnmn  the  side 
of  the  line,  "right"  or  "left,"  on  which  they  lie. 

For  calculation,  four  more  columns  may  be  added  to  the  table, 
containing  the  intervals  between  the  offsets,  the  sums  of  the  ad- 
joining pairs,  and  the  products  of  the  numbers  in  the  two  preced- 
ing columns,  separated  into  right  and  left,  one  being  additive  to 
the  field,  and  the  other  subtractire. 

SOI.  Tuti  of  Aoouraey  1.  The  check  of  interseotiooB  de- 
oribed  in  Art  191  may  be  employed  to  great  advantage  when 
some  conspicuous  object  near  the  center  of  the  farm  can  be  seen 
from  most  of  its  comers. 

3.  When  the  surrey  is  platted,  if  the  last  coarse  meets  the 
starting-point,  it  proves  the  work,  and  the  survey  is  then  said  to 
"  close," 

3.  Diagonal  lines  mnning  from  comer  to  comer  of  the  farm, 
like  the  "  proof-lines "  in  chain-surveying,  may  be  measured  and 
their  bearings  taken.  When  these  are  laid  down  on  the  plat,  theii 
meeting  the  points  to  which  they  had  been  measured  proves  the 
work. 

4.  The  only  certain  and  precise  test  is,  however,  that  by  "lati- 
tudes and  departures." 

802.  Kethod  of  Hadiation.  A  field  may  he  surveyed  from  one 
station,  either  toithin  H  or  without  it,  by  taking  the  bearings  and 
the  distances  from  that  point  to  each  of  the  comers  of  the  field. 
These  comers  are  then  "  determined "  by  the  third  method.  Art. 
5.  This  modification  of  that  method  is  called  the  Method  of 
Radiation.  All  our  preceding  surveys  with  the  compass  have  been 
by  the  Method  of  Progression. 

The  compass  may  be  set  at  one  comer  of  the  field,  or  at  a  point 
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in  one  of  its  sides,  and  the  same   method   of   radiation    em- 
ployed. 

Tbie  method  is  seldom  used,  however,  since,  nnlike  tho  method 
of  progression,  its  operations  are  not  checks  npon  each  other. 

203.  Method  of  Inteneotion.  A  field  may  also  be  rarreyed  by 
measuring  a  baaO'line,  either  within  it  or  without  it,  setting  the 
compass  at  each  end  of  the  base-line,  and  taking  from  each  end  the 
bearings  of  each  corner  of  the  field,  which  will  then  be  fixed  and 
determined  by  the  fourth  method.  Art  6.  This  mode  of  snrrey- 
ing  is  the  Method  of  Intersections,  noticed  in  Art.  166. 

JMMi  Sunning  out  Old  Llneft  The  original  snireys  of  lands  in 
the  older  States  of  the  American  Union  were  exceedingly  deficient 
in  precision.  This  arose  from  two  principal  causes :  the  small 
value  of  land  at  the  period  of  these  surveys,  and  the  want  of  skill 
in  the  surveyors.  The  effect  at  the  present  day  is  frequent  dissat- 
isfaction aud  litigation.  Xx)ts  sometimes  contain  more  acres  than 
they  were  sold  for,  and  sometimes  less.  Lines  which  are  stnugbt 
in  the  deed  and  on  the  map  are  found  to  be  crooked  on  the  ground. 
The  recorded  surveya  of  two  adjoining  farms  often  make  one  over- 
lap the  other,  or  leave  a  gore  between  them.  The  most  diflBcult 
and  delicate  duty  of  the  laod-aiirveyor  is  to  run  out  these  old 
boundary-lines.  In  such  cases,  his  first  business  is  to  find  monu- 
ments, stones,  marked  trees,  stumps,  or  any  other  old  "comers" 
or  landmarks.  These  are  his  starting-points.  The  owners  whose 
lands  join  at  these  comers  should  agree  on  them.  Old  fences  must 
generally  be  accepted  by  right  of  possession,  though  such  questions 
belong  rather  to  the  lawyer  than  to  the  surveyor.*  His  business  is 
to  mark  out  on  the  pround  the  lines  given  in  the  deed.  When  the 
bounds  are  given  by  compaaa-bearings,  the  surveyor  must  be  re- 
minded that  these  bearings  are  very  far  from  being  the  same  now 
as  originally,  having  been  changing  every  year.     The  method  » 

•  "  In  the  descrip^on  of  l&Dd  ooHvaTed,  the  rale  b  that  Vnoim  uid  fiied  monu 
Bent*  control  ponntes  and  distanccn.  So  ihe  certainty  of  metes  and  bounds  will  In- 
clude and  pa»  all  the  landa  within  them,  though  they  vary  from  the  given  quintity 
eipreaeed  Id  the  deed.  In  New  York,  to  remove,  deface,  or  alter  landinariu 
uallcioiulj  b  an  buUciable  offeiiee." — KenCt  COmmentaria,  TV,  019. 


^dbvGoo^^lc 


128  LAND-SURVETIJia. 

detcrmiDiDg  this  important  change,  and  of  nuking  the  proper 
allowance,  will  be  found  ander  "Declination  of  the  Magnetic 
Jleedle." 

PZiATTZKa  TEE  817BVXT. 

SOfi.  The  platting  of  a  Bnrrej  made  with  the  compass  consists 
in  drawing  on  paper  the  lines  and  the  angles  which  have  been 
measnred  on  the  ground.  The  angles  are  laid  off  and  the  lines  are 
drawn  "to  scale,"  as  has  been  explaioed  in  Chapter  L 


206.  Flatting  Bearings,  Since  "bearings"  taken  with  the 
compass  are  the  angles  which  the  Tarious  lines  make  with  the 
magnetic  meridian,  or  the  direction  of  the  compass-needle,  which, 
as  we  have  seen,  remains  always  (approximately)  parallel  to  itself, 
it  is  necessary  to  draw  these  meridians  through  each  station  before 
laying  oS  the  angles  of  the  bearings. 


The  T-gqnsre  in  the  most  convenient  ingtmment  tor  this  purpose.  Tha 
paper  un  which  the  plat  is  to  be  made  is  fastened  on  the  board  so  that 
the  inteniled  direotiDn  of  the  north  and  south  line  may  be  parallel  to  one 
of  the  sides  of  the  board.  The  inner  side  ol  tbe  atooit  uf  tlie  T-uquare  being 
pressed  aftainst  one  of  the  othor  sides  of  tho  board  and  slid  along,  the  edge 
of  the  long  blade  of  ilje  square  will  always  be  pnrallel  to  itself  and  to  the 
first-named  aide  of  the  board,  and  will  thoa  represent  tbo  uiaridiun  pas^g 
through  an;  station. 

If  a  strwght-edged  drawing>board  or  table  can  not  be  procured,  nail 
down  on  a  tahia  of  any  sliape  a 


Fia.l«S. 


■tr^ht-edged  raler,  and  slide  niong 
agaioBt  it  tbe  outside  of  tlie  stock 
of  a  T-square,  one  side  of  the  stock 
being  floeh  with  the  blade. 

A  parallel  mler  ma;  also  be 
DBsd,  one  part  of  ft  being  screwed 
down  to  the  board  in  the  proper 
portion. 

If  none  of  these  means  are  at 
hand,  approxImateLj  parallel  merid- 
ians may  be  drawn  by  the  edges  of 
a  common  mler  at  diBtances  apsrt 
eqnal  to  ita  width,  and  tbe  diameter 
of  the  protractor  made  parallel  to 
them  by  mensnrinjr  oqaal  distanoeg 
between  it  and  them. 
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207.  To  plat  a  Burvey  with  these  inBtrnmeDts,  mark  with  a  fine 
point  inclosed  in  a  circle  a  coQveDient  spot  in  the  paper  to  repre- 
sent the  first  sta- 
tion>  1  in  the  figure. 
Its  place  most  be  so 
chosen  that  the  plat 
may  not  "run  off" 
tbe  paper.  With 
the  T-sqnaro  draw  a 
meridian  through 
it.  The  top  of  the 
paper  is  nanally, 
though  not  necessa- 
rily, called  north. 
With  the  protractor 
lay  off  the  angle  of 
the  first  bearing. 
Setoff  the  length  of 
the  first  line  to  the 
desired  scale  from 
1  to  2.     The  line  1 3  represents  the  first  coarse. 

Through  %  draw  another  meridian,  lay  off  the  angle  of  the  setv 
ond  conrse,  and  set  off  tbe  length  of  this  course  from  S  to  3. 

Proceed  in  like  manner  for  each  course.  When  the  last  conrse 
is  platted,  it  should  end  precisely  at  the  starting-point,  as  tbe  sur- 
Tey  did,  if  it  were  a  closed  surrey,  as  of  a  field.  If  the  plat  does 
not  "close"  or  "come  together,"  it  shows  some  error  or  inaccu- 
racy either  in  the  original  survey,  if  that  have  not  been  "tested  " 
by  latitudes  and  departures,  or  in  the  work  of  platting.  The  plat 
here  given  is  the  same  as  that  of  Fig.  161. 

TUb  mfuiner  of  lajtng  down  the  directions  of  lines  by  the  an^ea  wUoh 
they  nuke  with  a  meridian  line  has  a  (treat  ftdTnntHfte,  in  both  aconraoy  and 
rapidity,  over  the  method  of  plattiriK  lines  by  the  angles  which  each  makea 
with  the  line  which  oomea  before  it.  In  the  latter  method,  any  error  in  the 
direction  of  one  line  makes  all  that  follow  it  also  wron(t  in  their  directiona. 
Tn  the  former,  the  direetion  of  each  line  ia  Independent  of  the  preceding  line, 
though  its  poritUm  woald  he  chnnged  by  a  nrerions  error. 

batead  of  drawing  a  meridian  tbrongh  each  atatdon,  sometimes  only  one 
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1b  drawn,  Uur  the  middle  of  the  abeet,  and  all  the  bearings  of  the  aurvef  are 
laid  off  from  some  one  point  of  it,  as  showo  in  tbe  figare,  and  nambered  to 
oorreepond  with  the  atationa  from  which  these  bearinga  were  taken.  The 
oironlar  protractor  ia  oonvenient  for  this.  Tbe;  are  tben  troDsferred  to  the 
places  where  they  are  wanted  b;  a  triangle  or  other  parallel  ruler.  Hg. 
IfIC  represents  the  name  field  platted  by  this  method. 

A  semioircalar  protractor  is  BometJmee  attached  to  the  stock  end  of  the 
T-square  so  tbat  its  blade  may  be  set  at  eaj  desired  angle  with  the  meridian, 
and  any  bearing  be  thoa  protracted  without  drawing  a  meridian.  It  has 
some  inoonvenienoee. 

Tbe  oompsaa  itself  may  be  used  to  pUt  bearingB.  For  tbis  par* 
pose  it  mast  bo  At- 
^'^"''-  tacbed  to    s   aqnare 

board  so  that  the  N 
and  S  line  of  tbe 
compase-box  may  be 
parallel  to  two  oppo- 
site edges  of  the 
board.  This  is  placed 
on  the  paper,  and 
the  box  ie  tnmed  till 
tbe  needle  points  as 
it  did  when  the  first 
bearing  was  taken. 
Then  a  line  drawn 
by  one  edge  of  the 
board  will    be  in  a 

proper  direcHon.     Mark  ofT  ite  length,  and  plat  the  next  and  the 

sncceediog  bearings  in  the  same  manner. 

808.  When  the  plat  of  a  anrvey  does  not  "close, "it  may  be 
corrected  as  follows  :  Let  A  B  C  D  E  be  the  bonndary-Iinea  platted 
according  to  the  given  bearings  and  distances,  and  suppose  that  the 
laet  coarse  comes  to  £  instead  of  ending  at  A,  as  it  should.  Sap- 
pose  also  that  there  is  no  reason  to  suspect  any  single  great  error, 
and  that  no  one  of  the  lines  was  messnred  over  very  rough  ground, 
or  waa  specially  uncertain  in  its  direction  when  observed.  The 
inaccuracy  mast  then  be  distributed  among  all  the  lines  in  propor- 
tion to  their  length.     Each  point  in  the  figure,  B,  0,  D,  E,  most 
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be  moved  in  a  direction  parallel  to  £)  A  b;  a  certun  diBteooe  which 

is  obtained  thus :  Multiply 

the  distance  E  A  b;  the 

distance  A  B,  and  divide 

b;  the   sam   of  all    the 

couraes.    The  qnotient  will 

be  the  distance  B  B'.     To 

get  OC,  mnltipljEAby 

A  B  -I-  B  C,  and  divide  the 

product  by  the  same  sam 

of  all  the  courses.     To  get 

D  D',    multiply    E  A    by  " 

AB+BC  +  CD,  and  divide  as  before.     So  for  any  ooune, 

mnltiply  by  the  snm  of  the  lengths  of  that  coarse  and  of  all 

those  preceding  it,  and  divide  as  before.      Join   the  points  thus 

obtained,  and  the  closed  polygon  A  B'  C  D'  A  will  thus  be  formed, 

and  will  be  the  most  probable  plat  of  the  given  survey.* 

The  method  of  latitndes  and  departoies,  to  be  explained  bere- 
aftor,  is,  however,  the  best  for  effecting  this  object. 


909.  Held  Platting.    It  ia  »ometimee  dMirable  to  plat  thi 

sarve;  in  the  field  hi 


of  a 
they 
taken,  as  was  mentioiied  in  Art. 
192  under  the  head  of  "  Keeping  the 
Field-Notea,"  One  method  of  do- 
ing this  ie  to  have  the  paper  of  the 
field-book  ruled  nlth  parallel  linea 
at  unequal  diitonoeB  apart,  end  to 
nae  a  rectangular  protraotor  (whioh 
may  bo  made  of  BriBtol-board  or 
other  atont  drawing -paper)  with 
lines  mled  aoroaa  it  at  equal  di»- 
tanoee  of  some  fraotinn  of  an  inoh.  A  bearing  having  been  taken  and  noted, 
the  protractor  is  laid  on  the  paper  and  its  oenter  placed  at  the  station  where 
the  bearing  ia  to  be  laid  off.  It  le  then  tamed  till  one  of  its  crose-linea  co- 
incides with  some  one  of  the  lines  on  the  paper,  which  represent  eaat  and 
west  lines.  The  long  side  of  the  protractor  will  then  be  on  a  meridian,  and 
the  proper  angle  (40°  in  tlie  flgare)  can  be  at  onoe  marked  off.  The  length 
of  the  course  can  also  be  set  off  by  the  equal  spaces  between  the  cross-Unea, 
letdng  each  spaoe  represent  any  oonveoient  number  of  links. 


*  TliU  was  demooatrWed  by  Dr.  Bcwditoh  In  No.  4  of  "The  Analyst" 
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8X0.  A  oomiDOQ  reotangular  protractor  wilboat  any  oroBB-liDes,  or  a 
semioiroulftr  one,  o&n  also  be  need 
Via.  168.  for  the  Bame  purpOM.    The  paralld 

lines  OD  the  paper  (wbiob,  in  this 
method,  rnxj  b«  equidistaDl,  as  in 
oommon  mJed  writing-paper)  wUl 
now  represent  meridians.  Place 
the  center  of  the  protractor  on  th« 
meridian  uearest  to  the  station  at 
which  the  angle  is  to  be  laid  off,  and 
torn  it  till  the  given  nnmber  of 
degrees  is  cot  by  the  meridian. 
Slide  the  protractor  npor  down  the 
meridian  (which  mnet  continue  to 
pass  throDgh  the  center  and  the 
proper  degree)  titl  iu  edge  passes 

throngh  the  staSon,  and  then  draw  by  this  edge  a  line,  which  will  have 

the  bearing  required. 

Sll.  Papar  ntlti  into  tqvarf  (as  are  sometimes  the  right-hand  pages  of 
Bnrveyore' field-books)  maybenaed 

for  platting  bearings  in  lie  field.  i^-  lfl»- 

The  lines  fanning  up  the  page 
may  be  colled  north  and  aonfh 
lines,  and  those  running  acroee 
the  page  will  then  be  east  and 
west  lines.  Any  conrae  of  the 
survey  will  be  the  hypotenuse  of 
a  right-angled  triangle,  and  the 
ratio  of  its  other  two  sidea  will 
determine  the  angle.  Thns,  it  the 
ratio  of  the  two  sides  of  the  rights 
angled  triangle,  of  which  the  line 
A  B  in  the  flgare  is  the  bypote- 
nase,  isl,  thathne  makes  an  angle 
of  46°  with  the  meridian.  If  Ibe 
ratio  of  the  long  to  the  short  side 
of  the  right-angled    triangle,  of 

which  the  line  A  C  is  the  hypotenuse,  is  4  to  1,  the  line  A  0  makes  an  angle 
of  14°  with  the  meridian.  The  line  A  n,  the  hypotenuse  of  an  equal  trian- 
gle which  has  its  long  side  lying  east  and  west,  make»  likewise  an  angle  of 
14°  with  that  side,  and  therefore  makes  an  angle  of  76°  with  the  meridian. 


C  )  B 


S12.  With  a  Paper  Frotraotor.  Engraved  paper  protractors  may  be 
obtained  fi-om  the  instniment-niakerB,  and  are  very  convenient.  A  oircle  of 
large  size,  divided  into  degrees  and  qnorters,  is  engraved  on  copper,  and  im- 
preerions  from  it  are  taken  on  drawing-paper.    The  diviaions  are  not  nnm^ 
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bered.  Draw  a  atrught  line  to  represent  a  meridian  throogh  ibe  oeater  of 
the  cirde  in  udj  nonvenieDt  direction.  Nnmber  the  degreee  from  0°  to  90* 
each  wb;  from  the  ends  of  tiib 

meridian,  ae  on  the  oompaas-plate.  f^- 1^0; 

The  protraotor  ie  now  ready  for 
nse.  Cbooee  a  convenient  point 
for  Qie  Qrtt  atatjon.  Snppose  the 
first  bearing  to  be  N.  80°  E.  The 
line  paMing  through  the  center  of 
the  circle  and  through  the  oppo- 
dte  points  N.  S0°  K  and  B.  80" 
W.  has  the  bearing  required.  But 
it  does  not  pass  throngh  the  sta- 
tion 1.  Transfer  it  thither  b; 
drawing  through  station  1  a  line 
parallel  to  it,  which  will  be  the 

oonrse  required,  its  proper  length  being  set  off  on  It  from  1  to  2.  Now, 
snppose  the  bearing  from  2  to  be  8.  60°  E.  Draw  through  2  a  line  paraHel 
to  the  line  passing  through  the  center  of  the  circle  and  throngh  the  opposite 
poinle  S.  60°  £.  snd  S.  60°  W.,  and  it  will  be  the  line  desired.  On  it  set  off 
the  proper  length  from  2  to  S,  and  so  proceed. 

When  the  plat  is  completed,  the  engraved  sheet  is  laid  on  a  dean  one  and 
the  stalionB  "pricked  throngh,"  and  the  points  thns  obtained  on  the  clean 
■beet  are  connected  by  strught  Uoes.  The  penciled  plat  ie  then  rubbed  off 
from  the  eDgra*ed  sheet,  which  can  be  used  for  a  great  number  of  plate. 

If  the  central  drcle  be  cat  oat,  the  plat,  if  not  too  large,  can  lie  made 
directly  on  the  paper  where  it  is  to  remain. 

The  surveyor  can  make  such  a  paper  protractor  for  himself  with  great 
ease  by  meant  of  the  TaiU  of  Chord*  at  the  end  of  this  volume,  the  use  of 
which  ie  explained  in  Art  315.  The  engraved  ones  may  have  shrank  after 
bdng  printed. 

Such  a  circle  is  sometimes  drawn  on  the  map  itself.  This  will  be  particu- 
larly convenient  if  the  bearings  of  any  hues  on  the  mnp  not  taken  on  the 
ground  are  likely  to  be  required.  If  tiie  map  be  very  long,  more  than  one 
may  be  needed. 

813.  Dravin^Boud  FlotrsotOT.  Such  a  divided  circle  as  has  just 
been  deecribed,  or  a  circular  protractor,  may  be  placed  on  a  drawing-board 
near  its  center,  and  so  that  ita  0'  and  W  lines  are  parallel  to  the  sides  of  the 
drawing-board.  Unea  are  then  to  be  drawn  through  the  center  and  oppo- 
site divisions  by  a  ruler  long  enough  to  reach  the  edges  of  the  drawing-board 
on  which  they  are  to  be  cut  in  and  numbered.  The  drawing-board  thus  be- 
oomes,  in  fiut,  a  donble  rectangular  protractor.  A  strip  of  white  pafter  may 
have  previously  been  pasted  on  the  edges,  or  a  narrow  etrtp  of  white  wood 
inlaid.  When  this  ia  to  be  osed  for  platting,  a  sheet  of  paper  ie  put  on  the 
board  as  usnal,  and  lines  are  drawn  by  a  mler  lud  across  the  0°  points  and 
the  90°  points,  and  the  center  of  the  circle  is  at  once  found,  and  aLould  ba 
marked  ®.    The  bearings  are  then  platted  as  in  the  last  method. 
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214.  With  a  8oal«  of  Chords.    On  the  plane  scale  oontuDed  in  cue»  of 
mathematical  drawing  Instrtimeata  will  be  foand  a  seriea  of  diTinions  num- 
bered from  0  to  eo,  and  marked  C  H  or  C.     Tbis  is  a 
Fib.  1)1.  scale  of  oborde,  and  gives  the  lengths  of  the  chorda  of 

an;  arc  for  a  radiaE  equal  in  length  to  the  chord  of  60° 
on  the  eoale.  To  laj'  off  an  angle  with  this  »cale,  ae, 
for  example,  to  draw  a  line  making  at  A  an  angle  of 
40°  with  A  B,  take,  la  the  dividerB,  the  di$tanc«B  from 
0  to  00  on  the  scale  of  chords;  with  this  for  radius  and 
A  for  center,  deeoribe  an  indefinite  arc  C  D.  Take  the 
distanoe  from  0  to  40  on  the  same  scale,  and  set  it  ofiF 
on  the  arc  as  a  chord  from  C  to  some  point  D.  Join 
AD  and  proloDg  it.  B  AE  is  the  angle  required. 
The  sector.  Fig.  2B,  sapplies  a  moditicatiOD  of  tbie 
method  sometimes  more  convenient.  On  each  of  its  lege  is  a  scale  marked 
0  or  0  H.  Open  it  at  pleasure;  extend  the  compass  from  60  to  60,  one  on 
each  leg,  and  with  this  radius  describe  an  are.  Then  extend  the  oompusses 
from  40  to  40,  and  the  distanoe  will  be  the  chord  of  40°  to  that  rudins. 
It  can  be  set  off  as  above. 

The  smallness  of  the  scale  renders  the  method  with  a  scale  of  chords 
praoticallj  defloient  in  ezaotnees,  bat  it  serves  to  illustrate  the  next  and  isif 
method. 


216.  With  a  Table  of  Chordi.  At  the  end  of  thb  volume  will  be  fonnd 
a  table  of  the  lengths  of  the  chords  of  arcs  for  ever;  degree  and  minute  of 
the  quadrant  calculated  for  a  radimi  equal  to  1. 

To  nse  it,  take  in  the  compaasea  one  inch,  one  foot,  or  an;  other  convai~ 
lent  distance  [ihe  lunger  the  better),  divided  into  tenths  and  hundredths  b^  a 
diagonal  scale  or  otherwise.  With  this  as  radius  describe  an  art!  oa  in  the 
last  case.  Find  in  the  table  of  chords  the  length  of  the  chord  of  the  desired 
angle.  Take  it  fVom  the  scale  just  used  to  the  nearest  decimal  part  whioh 
the  scale  will  give.  Set  it  off  as  a  chord,  as  in  the  last  figure,  and  join  the 
point  thus  obtained  to  the  starting-point.     This  gives  the  an^le  desired. 

The  superioritv  of  this  method  to  that  which  einploys  a  protractor  is  dne 
to  the  greater  precision  with  which  a  straight  line  can  be  divided  than  can  a 
drcle. 

A  slight  modilioation  of  this  method  is  to  take  in  the  compasses  ten  eqnal 
parts  of  an;  convenient  length,  inches,  half  inches,  quarter  inches,  or  anj 
other  at  hand,  and  with  this  radius  describe  an  arc  as  bef»re,  and  set  off  a 
chord  ten  times  as  great  as  the  one  found  in  the  table — i.  e.,  imagine  the 
decimal-point  moved  une  place  to  the  right. 

If  the  radius  be  100  or  1,000  equal  parts,  imagine  the  decimal-point  moved 
two  or  three  places  to  the  right. 

Whatever  radios  ma;  be  taken  or  given,  the  product  of  that  radius  into  a 
chord  of  the  table  will  give  the  chord  for  that  radius. 

This  gives  an  eas;  and  exact  methwl  of  getting  a  right  angle  b;  desorlb' 
ing  anaio  with  a  radius  of  1,  end  setting  off  a  chord  eqnal  to  1-414S. 
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Tf  the  angle  to  be  ooDatrocted  is  more  than  90°,  con-tract  on  tbe  other 
ride  ot  the  given  point  apon  the  given  line  prolonged  an  angle  equal  to  what 
the  given  BDglt!  wants  of  180" — i.  e.,  its  mipplement,  in  the  tangaoge  of 
trigonometry. 

This  same  table  given  the  means  of  moasnring  anj  angle.  With  the  an- 
gnlar  point  for  a  oenter,  and  1  or  10  for  a  rodiav,  describe  an  arc.  MenBore 
the  length  of  the  chord  of  tjie  arc  between  tbe  legs  of  the  angle,  find  this 
length  in  the  tkble,  and  the  angle  corresponding  to  it  is  the  one  desired. 

This  table  will  also  serve  to  find  the  natural  nnt  or  eotini  of  an;  nngle. 
Maltipl;  the  given  angle  bj  two;  find  in  tbe  table  tbe  chord  of  this  dnnble 
angle;  and  half  of  ttua  chord  will  be  the  natural  Nne  reqaired.  Fur  the 
chord  of  anv  angle  is  eqaal  to  twice  tlie  sine  of  half  the  angle.  To  find  tlio 
Awtne,  proceed  as  above,  with  the  angle  which,  added  to  the  given  angle, 
woulil  make  SO*. 

Another  ose  of  this  table  is  to  inscribe  regnlar  polygons  in  a  circle  by  set- 
ting off  the  chords  of  the  arcs  which  their  tides  subtend. 

Still  another  nse  is  to  divide  on  aro  or  angle  into  any  nomber  of  eqnal 
parts  by  setting  off  the  fractional  arc  or  angle. 


816.  With  a  TaUe  of  Vatiinl  SiHM.  In  the  absence  of  a  table  of 
chords,  heretofore  rare,  a  table  of  noturol  sines,  which  con  be  found  anj- 
wbere,  tnay  be  nsed  oa  a  less  convenient  sabstitute.  Siace  the  chord  of  any 
angle  equals  twice  the  sine  of  half  the  angle,  divide  the  given  angle  by  two : 
find  in  the  table  the  natural  sine  of  this  half  angle ;  double  it,  and  the  prod- 
act  is  the  chord  of  tbe  whole  angle.  This  con  then  be  need  preolselj  as 
was  the  chord  in  the  preceding  article. 

An  ingenious  modification  of  this  method  has  been  much  used.  Describe 
an  arc  from  the  given  poiot  oa  center,  as  in  the  last  two  articles,  but  with  a 
radius  of  five  equal  parts.  Take  from  a  table  tbe  length  of  the  nutural  sine 
uf  hoJf  the  given  angle  to  a  radius  of  ten.  Set  off  tliis  length  as  s  chord  on 
tbe  arc  just  described,  and  Join  the  point  thna  obtained  to  the  given  point 

The  reason  of  this  is  apparent  fVom  the  figure.    D  E  is  the  tine  of  half 
Uie  angle  B  A  G  to  a  radins  of  ten  equal  parts,  and  B  C  is  tbe  obord  directed 
to  be  set  off  to  a  radius  of  five  eqnal  parts.    BO  la 
equal  to  DE.  forB0  =  9-BF  by  trigonometry,  and  Fw.  17a. 

I>E  =  2-BFby  similar  triangles;  hence  BO  =  DE.  \ 


S17.  Bf  lAtitudei  and  Departum.  When 
the  latitudes  and  departures  of  a  surrey  have 
been  obtained  and  corrected,  either  to  test  its 
accnracy  or  to  obtain  its  content,  tbey  aSord 
the  easiest  and  best  means  of  platting  it.  Tbe 
description  of  this  method  will  be  given  in  Art. 
346. 
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218.  The  plat  of  a  surrey  neceEsaril;  hu  manj  linea  of  ooii' 
BtrDction  drawn  apon  it  which  are  not  needed  in  the  finiBhed  map. 
These  lines  and  the  marks  of  iDstnunenta  so  disfigure  the  paper 
that  a  fair  copy  of  the  plat  is  nanally  made  before  the  map  is 
finished.  The  varioaa  methods  of  copying  plats,  etc.,  whether 
on  the  same  scale,  or  reduced,  or  enlarged,  will  therefore  now  be 
described. 

219.  Stretching  the  Faper,  It  the  map  is  to  be  colored,  the 
paper  mnst  first  be  wetted  and  stretched,  or  the  application  of  the 
wet  colors  will  cause  its  surface  to  swell  or  blister  and  become  un- 
even. Therefore,  with  a  soft  sponge  and  clean  water,  wet  the  back 
of  the  paper,  working  from  the  center  ontward  in  all  directions. 
The  "  water-mark  "  reads  correctly  only  when  looked  at  from  the 
front  side,  which  it  thus  distinguishes.  When  the  paper  is  thor- 
oagbly  wet  and  thos  greatly  expanded,  glae  its  edges  to  the  draw- 
ing-board for  half  an  inch  in  width,  turning  them  up  against  a 
ruler,  passing  the  glue  along  them,  and  then  turning  them  down 
and  pressing  them  with  the  ruler.  Some  prefer  gluing  down  oppo- 
site edges  in  succession,  and  others  adjoining  edges.  The  paper 
must  be  moderately  stretched  smooth  during  the  process.  Hot 
glue  is  best.  Paste  or  gum  may  be  used,  if  the  paper  be  kept  wet 
by  a  damp  cloth,  so  that  the  edges  may  dry  first  "  Moutb-glne  " 
may  be  nsed  by  rubbing  it  (moistened  in  the  mouth  or  in  boiling 
water)  along  the  tumed-up  edges,  and  then  rubbing  them  dry  by 
an  ivory  folder,  a  piece  of  dry  paper  being  interposed.  As  this  is  a 
slower  process,  the  middle  of  each  side  should  first  be  fastened 
down,  then  the  four  angles,  and  lastly  the  intermediate  portions. 
When  the  paper  becomes  dry,  the  creases  and  puckerings  will  hare 
disappeared,  and  it  will  be  ae  smooth  and  tight  as  a  dram-head. 

220.  Copying:  •>?  Tracing.  Fix  a  large  pane  of  clear  glass  in  a 
frame  so  that  it  can  be  supported  at  any  angle  before  a  window,  or, 
at  night,  in  front  of  a  lamp.  Place  the  plat  to  be  copied  on  this 
glass,  and  the  clean  pancr  upon  it.  Connect  them  by  pins,  ete. 
Trace  all  the  desired  li:]es  of  the  original  with  a  shu^  pencil  as 
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lightly  as  thej  can  be  easily  seen.  Take  care  that  the  paper  does 
not  slip.  If  the  plat  is  larger  than  the  glass,  copy  its  parts  SDCces- 
sively,  being  very  careful  to  gx  each  part  io  its  trae  relative  poai- 
tioD.  Ink  the  linea  with  India  ink,  making  them  very  fine  and 
pale  if  the  map  is  to  be  afterward  colored. 

821.  Copying  on  Traoing-Ptper.  A  thin  transparent  paper  is 
prepared  expressly  for  the  purpose  of  making  copiee  of  maps  and 
drawings,  but  it  is  too  delicate  for  much  handling.  It  may  be  pre- 
pared by  soaking  tissue-paper  in  a  mixture  of  turpentine  and  Can- 
ada balsam  or  baUam  of  fir  (two  parta  of  the  former  to  one  of  the 
latter),  and  drying  very  slowly.  Gold-drawn  linseed-oil  will  answer 
tolerably,  the  sheets  being  hung  up  for  some  weeks  to  dry.  Linen 
is  also  similarly  prepared,  and  sold  under  the  name  of  "vellam 
tracing-paper."  It  is  less  transparent  than  the  tracing-paper,  but 
is  very  strong  and  durable.  Both  of  these  are  used  rather  for  pre- 
serring  duplicates  than  for  finished  maps. 

222.  Copying  by  Photography.  This  may  be  used  for  copying 
drawings,  and  is  especially  applicable  when  the  drawings  are  to  be 
very  much  reduced  in  size. 

223.  Copying  by  Blue  Prints  Dissolve  one  ounce  of  ferricya- 
nide  of  potassium  in  ten  ounceti  of  pure  water.  Also  dissolve  two 
ounces  of  ammonia  citrate  of  iron  in  ten  ounces  of  water.  Mix  the 
two  solutions  in  a  cnp,  and  with  a  brush  cover  the  surface  of  the 
paper  on  which  the  print  is  to  be  made  with  the  mixture. 

The  surface  should  be  thoroughly  covered,  but  no  more  of  the 
mixture  should  be  applied  than  the  paper  will  take  up.  The  paper 
should  become  limp  and  moist  but  not  wet.  The  work  shonld  be 
done  in  a  room  lighted  with  a  lamp,  and  when  the  paper  is  dry  it 
should  be  kept  in  a  dark  place. 

To  make  a  blue-print  copy,  a  tracing  of  the  drawing  should 
first  be  made.  Put  the  tracing  over  a  sheet  of  the  prepared  paper 
and  a  sheet  of  glass  over  the  tracing,  in  order  to  keep  the  traoing 
in  contact  with  the  prepared  paper.  Expose  the  paper  to  the  sun- 
light, with  the  glass  toward  the  snn,  until  the  lines  of  the  drawing 
are  plainly  seen  on  the  prepared  paper.    Wash  the  paper  until  the 
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water  nmning  off  is  no  longer  colored  yellow.  When  dried,  ihe 
lines  of  the  drawing  will  be  white  npon  a  bine  ground.  The  pre- 
pared paper  for  blae  priota  osn  be  booght  ot  dealers  in  engineers' 
supplies. 

There  are  several  similar  methods  of  making  prints,  differing  in 
the  chemicals  used,  and  in  the  color  of  the  lines  and  baokgroand. 

224.  Copying  by  TranifBi-Faper.  This  is  tbinp^>er,  one  side  of  whidk 
ia  nibbed  with  black-lead,  et«.,  amoothlf  Bpread  b^  cotton.  It  is  laid  on  tb« 
cleao  paper,  the  biBckeaed  ude  downward,  and  tbe  plat  is  placed  npon  it. 
All  the  iinsB  of  the  plat  are  then  gone  over  with  moderute  pressure  bj  a 
blunt  point,  aaofa  aa  the  eje-end  of  a  small  needle.  A  faint  tracing  of  these 
lines  nill  thsD  be  found  on  the  clean  psper,  and  can  be  inked  at  leisure.  If 
the  origiDst  can  not  be  than  treated,  it  may  first  be  copied  on  tracing-paper, 
and  tliis  copy  be  thna  tranHferred.  If  the  transfer-paper  be  prq)ared  by 
mbhinK  it  with  lampblack  gronnd  np  with  hard  soap,  its  lines  will  be  in- 
efiaceable.    It  is  then  called  "  Oamp-pfq>er," 

225.  Copying  by  Pnnotarea.  Fix  tbe  dean  paper  on  a  drawing-board 
and  the  pUt  over  iL  Prepare  a  tine  needle  with  a  Bealing-ffsi  bead.  Hold 
it  verj  truly  perpendicular  to  the  board,  and  prick  through  every  angle  of 
tbe  plat,  and  ever?  comer  and  intersection  of  its  other  lines,  aach  as  honsos, 
fences,  etc.,  or  at  leaat  the  two  ends  of  every  line.  For  circles,  the  center 
and  one  point  of  the  circumference  are  suffituent.  For  irregular  cnrvea,  SDcb 
as  rivers,  etc,  enough  points  must  be  pricked  to  indicate  alt  their  rinuosities. 
Work  with  system,  finishing  np  one  strip  at  a  tdme,  so  as  not  to  omit  any 
necessary  points  nor  to  prick  through  any  twice,  though  the  latter  is  safer. 
When  completed,  remove  the  plat.  The  ropy  will  present  a  wilderness  of 
fine  points.  Select  those  which  determine  the  leading  lines,  and  then  the 
rest  will  be  easily  recognized.  A  beginner  sboald  first  pencil  tbe  lines  ligbtly, 
and  then  ink  them.  An  experienced  draughtsman  will  omit  the  peDciling. 
Two  or  three  ooples  may  be  thus  pricked  tbroogh  at  once.  The  holes  in  tbe 
original  plat  may  lie  made  nearly  invisible  by  robbing  tbem  on  tbe  back  of 
the  sheet  with  a  paper-folder,  or  the  thumb-nuL 

826.  Copying  by  Interwotiona  Draw  a  line  on  tbe  clean  paper  eqnal 
in  length  to  some  important  line  of  the  original.  Two  starting-points  are 
thus  obtained.  Take  in  the  dividers  the  distance  from  one  end  of  the  line 
on  the  original  to  a  third  point.  From  the  corresponding  end  on  the  ropy, 
describe  an  arc  with  this  distance  for  radius  and  about  where  tlie  point  will 
come.  Take  the  distance  on  tbe  original  from  tbe  other  end  of  the  line  to 
the  point,  and  describe  a  corresponding  arc  on  the  copy  to  intersect  the  for- 
mer arc  in  a  point  which  will  be  that  derired.  The  principle  of  the  opera- 
tion is  that  of  our  "  First  Method  "  (Art.  8).  Two  pairs  of  dividers  may  be 
nsed,  as  explained  in  Art.  63.  "  Triangular  compasses,''  having  tbree  legs, 
are  ued  by  fixing  two  of  their  legs  on  the  two  pven  points  of  the  original. 
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and  tbe  third  leg  od  the  point  to  be  copied,  and  tliea  transferring  them  to 
Uio  copy.  Alt  the  jioiota  o[  ilie  ori^nal  can  thus  be  accurately  reproduced. 
Tl.e  operation  is,  liowevor,  very  slow.  Only  Uie  chief  points  of  a  plat  may 
he  thus  transferred,  and  the  details  filled  in  by  the  following  method : 

227.  Copying  by  SqnarM.  On  the  oripnal  plat  draw  a  series  of  par- 
allel and  eqaidistant  lines.  The  T-square  does  thia  most  readily.  Draw  a 
similar  series  ut  right  angles  to  theae.  The  plat  wiU  then  be  covered  with 
Btjuares,  as  in  Fig  48.  On  the  clean  paper  draw  a  similar  series  of  squarea. 
Tbe  important  pointa  may  now  be  fixed  as  in  the  last  article,  and  the  rest 
copied  by  eye,  all  tbe  poinU  in  each  square  of  the  original  being  properly 
placed  in  tlie  corresponding  square  of  the  copy,  noticing  whether  they  nro 
near  the  top  or  bottom  of  each  square,  on  its  right  or  left  side,  etc.  Tliia 
method  is  rapid,  and  in  skillful  hands  qnite  aecnrate, 

Instend  of  drawing  lines  on  the  oiigina!,  a  sheet  of  transparent  paper 
containing  them  may  be  placed  over  it;  or  an  open  frame  with  threads 
stretched  across  it  at  equal  distances  and  at  right  angles. 

This  method  supplies  a  transitjnn  to  the  ^Afuction  and  Enlargement  of 
pints  in  any  desu-ed  ratio;  under  which  head  ftipyinj  by  the  Pantagraph 
and  Camera  Lucida  will  be  noticed. 

228.  BedttCUg  by  B^oam.  Begin,  as  in  the  preceding  article,  by  draw- 
ing  sqa.ires  on  the  original,  or  placing  them  over  it.  Then  on  the  clean 
paper  draw  a  similar  set  of  squares,  but  with  their  sirles  one  half,  one  third. 
etc.  (aocording  to  the  desired  reduction),  of  those  of  the  original  plat.  Then 
procee<!  iis  before  to  copy  into  each  small  sqaare  all  the  points  and  linea 
found  in  the  large  aquare  of  the  plst  in  their  trae  positions  relative  to  the 
rides  and  corners  of  the  square,  observing  to  reduce  each  distance,  by  eye,  or 
aa  directe<l  in  the  following  article,  in  the  given  ratio, 

S29.  Rednoin^  by  ProportionBl  Soalei.  Many  graphical  methods  of 
finding  tlie  proportionate  lentith  of  the 

copy,  of  any  line  of  the  original,  may  ^™-  1'^- 

be  nsed.     The  "  angle  of  reduction  "  ia  njC 

constructed  thus ;  Draw  any  line  A  B.  'xXV 

With  it  for  radius  and  A  for  center,  *..-.-^\^\  \  V 

de«cribe  an  indefinite  arc.  With  B  for 
center  and  a  radias  equal  to  one  half, 
one  third,  etc.,  of  A  B  according  to  the  ^  -  ,  ,     ,  ,  , 

desired  reduction,  describe  another  arc        rfff*', '  \  1  '  1  i  i  1  m  i  1 1  I  1 
intersectintt  the  former  arc  in  0.    Join       a  D  b 

A  C.     From  A  as  center  describe  a 

series  of  arcs.  Now,  to  reduce  any  distance,  take  it  in  the  dividers,  and  set 
it  "ff  from  A  on  A  B,  HS  to  D,  Then  the  distance  from  D  to  E.  the  other 
end  of  tbe  arc  passing  throngh  D,  will  he  the  proportionate  length  to  be  set 
off  on  the  copy,  in  the  manner  directed  In  Art.  386. 

The  sector,  or  "  compass  of  proportion,"  described  in  Art.  60,  presente 
ODoh  an  "  angle  of  reduction,''  always  ready  to  be  used  in  this  manner. 
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The  "  sDgle  of  redaction  "  may  be  rimpUBed  tbu : 
Draw  s  line,  AB,  parallel  to  one  siile  of  the  draw- 
ing-board, and  another,  B  U,  at  right  angles  to  it,  and 
one  half,  etc.,  of  it,  as  desired.  Join  A  0.  Thea  let 
A  D  be  the  diatanoe  required  to  be  rednoed.  Apply 
a  T-eqaare  bo  as  to  pass  through  D.  It  will  meet  A  C 
in  Bome  point  E,  and  D  E  will  be  the  rednoed  leingth 
required. 

Another  arrangement  for  the  same  object  is  shown 
in  Kg.  17B.  Draw  two  lines,  A  B,  A  0,  at  any  angle, 
and  desoribe  a  series  of  an»  from  their  intersection, 
A,  as  in  the  flgure.    Suppose  the  reduced  scale  b  to 

be  half  the  original  scale.     Divide  the  oatermoat  are  into 

three  eqnal  parts,  and  draw  a  line  from  A  to  one  of  the  Fio.  170. 

points  of  diTision,  as  D.    Then  amA  arc  will  be  divided 

into  parts,  one  of  which  is  twice  the  other.     Take  any 

distance  on  the  original  scale,  and  find  by  trial  which  of 

the  arcs  on  the  right-hand  aide  of  the  figure  it  oorre- 

sponds  to.    The  other  part  of  that  arc  will  be  half  of  it, 

as  desired. 

"  Proportional  compasses,"  being  properly  set,  redaoe 

lines  in  any  desired  ratio.     A  simple  form  of  (ham, 

known  as  "  wholes  and  halves,"  is  often  useful.    It  con- 

sista  of  two  lender  bars,  pointed  at  each  end,  and  united 

by  a  pivot  which  is  twice  as  far  from  one  pair  of  the 

points  as  from  the  other  pair.    The  long  ends  being  set  to  any  distance,  the 

short  ends  will  g^ive  precisely  half  that  distanoe. 

230.  Bednoiog  by  a  Fantagraph.  This  instrnment  ooosists  of  two 
long  and  two  short  rulers,  conneor«d  so  as  to  form  a  parallelogram,  and  capa- 
ble of  being  so  adjusted  that  when  a  tracing-point  attached  to  it  is  moved 
over  the  lines  of  a  map,  etc.,  a  pencil  attached  to  another  part  of  it  will  mark 
on  paper  a  precise  copy,  reduced  on  any  scale  desired.  It  is  made  in  various 
forms.    It  b  tronblesome  to  use,  though  rapid  in  its  work. 

S31.  Bedacdng  by  a  Camwa  Lvoida.  This  is  used  in  the  Coast  Sar- 
vey  Office.  It  can  not  reduce  smaller  than  one  fourth,  without  losing  dis- 
tiootness,  and  is  very  trying  to  the  eyen.  Squares  drawn  on  the  origrnal  are 
brought  to  apparently  coincide  with  squares  on  the  reduction,  and  the  detaila 
are  then  filled  in  with  the  pencil,  as  seen  through  the  prism  of  the  inatrument. 

882.  Enlaiffillg  Flats.  Plats  may  be  enlarged  by  tlie  principal  meth- 
ods which  have  been  given  for  reducing  them,  but  this  should  be  done  as 
seldom  as  possible,  since  every  inaccuracy  iu  the  original  becomes  magnified 
in  the  copy.    It  is  better  to  make  .t  new  plat  from  the  original  data. 

233.  OonTentional  Signs.  Various  conventional  signs  or  marks  have 
been  adopted,  more  or  less  generally,  to  repre»ent  on  maps  the  inequalilJea  <A 
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the  Borfnoe  of  the  ground,  its  iliffertnt  kinds  of  cultare  or  natural  product^ 
(ud  to  objects  npoQ  it,  so  as  not  to  encumber  and  disfigure  it  with  mooh 
writing  or  mttoj  descriptive  legeods.  This  is  tbe  purpose  of  what  is  called 
TopOffraphieal  Mappinif.     (Se«  Part  III,  Topoorapht.) 

234.  Orientatum.  The  map  is  osnallj  so  dravn  that  tbe  top  of  the 
paper  maj  represent  tbe  north.  A.  meridian  lice  shonld  al»o  be  drawn,  boUi 
tme  and  magnetic,  as  in  Fig.  166.  The  nmnber  of  dt^grees  and  minntee  in 
the  variation,  if  known,  should  also  be  placed  between  the  two  north  pointa. 
Sometimea  a  oompase-star  is  drawn  and  made  rer;  oniameatal. 

335.  Lettering.  The  style  in  which  this  is  done  verj  ranch  affects  tbe 
general  appearance  of  the  map.  The  yonng  surveyor  should  give  it  much 
attention  and  carefal  praoUoe.  It  mnst  all  be  in  imitation  of  the  hest  printed 
modeU.  No  writing,  however  bvantifnl,  is  admissible.  The  usnal  letters  are 
the  ordinary  ROMAN  OAPITAlfl,  Small  Roman,  ITALIC  CAPITALS, 
SmaU  lUMe,  and  GOTHIC  OR  EGVPTIAN.  Thia  last,  wlien  weU 
done,  is  very  effective.  For  the  titles  of  map^  various  fancy  letters  may  be 
Qsed,  For  very  large  letters,  those  formed  only  of  the  shades  of  the  letters 
regarded  as  blocks  (the  body  being  robbed  oat  after  being  penciled  as  a  guide 
to  the  placing  of  the  shades)  are  most  easily  mode  to  look  well.  The  simplest 
lettering  is  generally  the  hest  The  sizes  of  tbe  names  of  places,  et«.,  shonld 
be  proportional  U>  their  importance.  Elaborate  tables  for  various  scales  have 
been  published.  It  is  better  to  make  the  letters  too  small  than  too  large. 
They  should  not  be  crowded.  Pencil-lines  shoald  always  be  ruled  as  guides. 
The  lettering  should  be  in  lines  parallel  to  the  bott«m  of  the  map,  except  the 
namee  of  rivers,  roads,  etc.,  whose  general  conrse  shonld  be  followed. 

236.  Borden.  The  Border  may  be  a  single  heavy  line,  inclosing  the 
map  In  a  rectangle,  or  such  a  line  may  be  relieved  by  a  finer  line  drawn  par- 
allel and  near  to  it.  Time  ahould  not  be  wasted  in  ornamenting  the  border. 
The  simplest  is  Qia  beat 

237.  Joiniflg  Paper.  If  the  map  is  lai^r  than  the  sheets  of  paper  at 
hand,  they  should  be  joined  with  a  feather-edge,  by  proceeding  thus :  Cat, 
with  a  knife  guided  by  a  ruler,  aboat  one  third  tlirongh  the  thickness  of  the 
paper,  and  tear  off,  on  the  under  side,  a  strip  of  the  remaining  thiokness,  so 
as  to  leave  a  thin,  sharp  edge.  Treat  the  other  sheet  in  the  same  way  on  the 
other  side  of  it  When  these  two  feathcr-edgee  are  then  pnt  together  (with 
paste,  glue,  or  vamiafa),  they  will  make  a  neat  and  strong  joint  The  sheet 
which  rests  upon  the  otiier  mnst  be  on  the  right-hand  ude,  if  the  sheets  are 
Joined  lengthwise,  or  below  If  they  are  joined  in  that  direction,  «o  that  the 
tbioknees  of  the  edge  may  not  cast  a  shadow  whan  properly  placed  aa  to  tbe 
light  The  sheets  mnst  be  joined  before  lines  are  drawn  across  them,  or  tbe 
lines  will  become  distorted.  Drawing-paper  is  now  made  in  rolls  of  great 
length,  so  as  to  render  this  operation  nnoeoessary. 

238.  KoHlltlllg  Xiqil.  A  map  is  sometimes  required  to  be  monnted — 
I.  e.,  backed  with  oanvaa  or  mnslin.    To  do  tlUa,  wet  the  mnslin  and  stretch 
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it  fitrongl^  on  a  board  by  tacks  drirea  Tery  near  togetber.  Oover  It  wlQi 
BtroDjj  paste,  l>eatins  this  in  with  a  brush  to  fill  up  tbe  pores  of  the  muslin. 
Then  spreat!  paste  over  the  back  of  the  paper,  and  when  it  bas  soaked  into  it 
appt;  it  to  the  muslin,  inclining  tlie  board,  and  pasting  first  a  strip,  about 
two  inches  wide,  along  the  apper  side  of  the  paper,  pressing  it  down  with 
clean  linen  in  order  to  drive  out  all  air-liabbles.  Press  down  another  strip 
in  like  manner,  and  so  proceed  till  all  is  pasted.  Let  ft  Ary  verj  gradnallj 
and  thoraughl;  before  oatting  the  muslin  from  the  board. 

Uaps  ma;  be  Tarnished  with  picture- varnish,  or  b?  applying  four  or  Sre 
coats  of  isinglsHs-size,  letting  each  dry  well  before  applying  the  next,  and 
giving  a  fall,  flowing  coat  of  Oanada  balsam  dilated  with  the  beet  oU  of  tur- 
pentine. 

LATITUDES  ASS  BBPABTVBXS. 

239.  DefliiitioiL&  The  Latitude  of  a  point  is  it«  distaaoe  DOrth 
or  sontli  of  some  "  Parallel  of  Latitude,"  or  line  mnning  east  or 
west.  The  LoNaiTODB  of  a  point  iB  its  distance  east  or  west  of 
some  "  Meridian,"  or  line  running  north  sod  soath.  In  compass- 
mrveying,  the  magnetic  meridian — i.  e.,  the  direction  in  which 
the  magnetic  needle  points — is  the  line  from  which  the  longitndee 
of  points  are  measured  or  reckoned. 

The  distance  which  one  end  of  s  line  is  due  north  or  south  of 
the  other  end  is  called  the  Difference  of  Latitude  ot  the  two  ends 
of  the  line ;  or  its  northing  or  southing;  or  simply  its  latitude. 

The  distance  which  one  end  of  the  line  is  due  eust  or  west  of 
the  other  is  here  called  the  Difference  of  Longitude  of  the  two 
ends  of  the  line  ;  or  it^  easting  or  westing ;  or  its  departure. 

Latitudes  and  Departures  are  the  most  usual  terms,  and  will 
be  generally  used  hereafter,  for  the  sake  of  hrerity. 

This  subject  may  be  illustrated  geographically,  by  noticing  that 
a  traveler,  in  going  from  New  York  to  Buffalo  in  a  straight  line, 
would  go  about  one  hundred  and  fifty  miles  dae  north,  and  two 
hundred  and  fifty  miles  due  west.  These  distances  would  be  the 
differences  of  latitude  and  of  longitude  between  the  two  places,  or 
his  northing  and  westing.  Eetnming  from  Buffalo  to  New  York, 
the  same  distances  would  be  hia  southing  and  easting.* 

*  It  should  be  remenbered  that  the  following  discusaions  of  the  latitudes  «nd  lon- 
gitudes of  the  points  of  a  surrey  will  not  be  perfectly  apnlicable  to  those  of  distant 
places,  suoh  as  the  dties  just  named,  In  consequence  of  Che  surhfe  of  the  cuth  not 
beii^t  plane. 
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In  mathematical  langaage,  the  operation  of  finding  the  lati- 
tude and  longitnde  of  a  line,  from  its  bearing  and  length,  would 
be  called  the  transformation  of  Polar  Co- 
ordinates into  Bectangnlar  Co-ordinates.  ' 
It  consists  in  determining,  by  oar  Second 
Principle,  the  position  of  s  point  which 
had   originally  been   determined   by  the 
Third  Principle.    Thus,   in  the  figure 

(which  is  the  same  as  that  of  Art.  7),  the  point  S  is  determined 
by  the  angle  SAG  and  by  the  distance  AS.  It  is  also  determined 
by  the  dietancee  A  G  and  G  S,  measured  at  right  angles  to  each 
other ;  and  then,  supposing  G  S  to  run  due  north  and  south,  C  8 
will  be  the  latitude,  and  A  G  the  departure  of  the  line  A  S. 


W- At     - 


S40.  OalDolfttion  of  latitadei  and  I>epartnres.  Let  A  B  be  a 
given  line,  of  which  the  longth  AB, 
and  the  bearing  (or  angle,  B  A  C, 
which  it  makes  with  the  magnetic  me- 
ridian), are  known.  It  is  reqaired  to 
find  the  differences  of  latitude  and  of 
longitude  between  its  two  extremities 
A  and  B — that  is,  to  find  A  G  and 
,  C  B ;  or,  what  is  the  same  thing,  B  D 
and  D  A. 

It  will  be  at  once  seen  that  A  B  is 
the  hypotenose  of  a  right-angled  tri- 
angle, in   which  the  "Latitude"  and 
the  "  Departure"  are  the  sides  about  the  right  angle.     We  there- 
fore know,  from  the  principles  of  trigonometry,  that 
AO  =  AB.coa.BAC, 
BG  =  AB.sin.  BAG. 
Henoe,  to  find  the  latitude  of  any  course,  multiply  the  natural 
cosine  of  the  bearing  by  the  length  of  the  course ;  and  to  find  the 
d^farture  of  any  course,  multiply  the  natural  sine  of  the  bearing 
by  the  length  of  the  course. 

If  the  course  be  northerly,  the  latitude  will  be  north,  and  will 
be  marked  with  the  algebraic  sign  -(- ,  plus,  or  additive ;  if  it  be 
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Bontherly,  the  latitude  will  be  soath,  and  vill  be  marked  with  the 
algebraic  sign  — ,  minus,  or  subti-active. 

If  the  conrse  be  easterly,  the  departure  will  be  east,  and 
marked  +,  or  additlTe ;  if  the  course  be  westerly,  the  departure 
will  be  west,  and  marked  — ,  or  subtractive. 

241.  rormolaj.  The  rules  of  the  preceding  article  may  be  ex- 
pressed thus: 

Latitude  =  distance  X  cos.  bearing. 
Departure  =  distance  X  ein.  bearing.* 
From  these  formulas  may  be  obtained  others,  by  which,  when 
any  two  of  the  above  four  things  are  given,  the  remaining  two 
can  be  foand. 

When  the  Bearing  and  Latitude  are  given; 

■  Distance  =  ^J^^^JJ^  =  latitude  X  sec.  bearing. 
Departure  =  latitude  X  tang,  bearing. 
When  the  Bearing  and  Departure  are  given; 

Distance  =  ^"^mtim  ~  departure  X  cosee.  bearing; 
Latitude  =  departure  X  cotang.  bearing. 
When  the  Distance  and  Latitude  are  given ; 
Cos.  belong  =  ^, 
Departure  =  latitude  x  tang,  bearing. 
When  the  Distance  and  Departure  are  given; 
Sin.  bearing  =  ^^^, 
Latitude  =  departure  x  cotang.  bearing. 
When  the  Latitude  and  Departure  are  given; 
Tmg.ot  beting  =  SJ, 
Distance  s  latitude  X  see.  bearing. 
Still  more  simply,  any  two  of  these  three — distance,  latitude, 
ind  departure — being  given,  we  have 

Distance  =  i^  (latituV  +  departure') 
Latitude  =  V  (distance*  —  departure') 
Departure  =  i/  (distance*  —  latitude') 

*  WheneTer  ainei,  aHua«s,  twiguits,  etc,  tire  here  nuned,  the;  meui  the  nfttura) 
Bloea,  etc,  of  ■□  arc  described  with  a  mdi'je  equal  to  one,  or  to  the  anit  bj  wUdi  tite 
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S48.  TrKTarw-TablM,  The  latitude  and  departnra  ot  any  dis- 
tance, for  any  bearing,  coald  be  found  by  the  method  given  in 
Art  240,  with  the  aid  of  a  table  of  natural  ainea.  But  to  focili- 
tate  these  calculations,  which  are  of  bo  frequent  occurrence  and 
of  BO  great  OBe,  irawrae-tablet  have  been  prepared,  originally  for 
nsvigators  (whence  the  name  travtrae),  and  subsequently  for  sor- 
Teyora.* 

The  traTeree-table  at  the  end  of  this  volume  gives  the  latitude 
and  departure  for  soy  bearing,  to  each  quarter  of  a  degree,  and  for 
distanceB  from  1  to  9. 

To  use  it,  find  in  it  the  number  of  degrees  in  the  bearing,  on 
the  left-hand  side  of  the  page,  if  it  be  less  than  45°,  or  on  the 
right-band  side  it  it  be  more.  The  numbera  on  the  same  line, 
running  across  the  page,|  are  tbe  latitudes  and  departures  for  that 
bearing,  and  for  the  respective  distances — 1,  2,  3,  4,  6,  6,  7,  8,  9 
— which  are  at  the  top  and  bottom  of  the  page,  and  which  may 
repreeent  chaios,  links,  rods,  feet,  or  any  other  unit.  Thus,  if  the 
bearing  be  15°,  and  the  distance  1,  the  latitude  would  be  0-966 
and  the  departure  0'369.  For  the  same  hearing,  bat  a  distance  of 
8,  the  latitude  would  be  7*737  and  the  departure  2-071. 

Any  distance,  however  great,  can  have  its  latitude  and  depart* 
ure  readily  obt^ned  from  this  table ;  since,  for  the  same  bearing, 
they  ore  directly  proportional  to  the  distance,  because  of  the  simi- 
lar triangles  which  they  form.  Therefore,  to  find  the  latitude  or 
departure  for  60,  multiply  that  for  6  by  10,  which  merely  move* 
the  decimal-point  oue  place  to  the  right ;  for  500,  multiply  the 
numbers  found  in  the  table  for  S,  by  100 — ^i.  e.,  move  the  decimal- 
point  two  places  to  tbe  right,  and  so  on.  Merely  moving  the  deci- 
mal-point to  the  right,  one,  two,  or  more  places,  will  therefore 
enable  this  table  to  give  the  latitude  and  departure  for  any  decimal 
multiple  of  the  numbers  in  the  table. 

*  Tbe  flnt  tniverse-teble  for  Burrejora  Beemi  to  btve  beeo  pnbllahed  in  IT)I,  bj 
JotiD  Otie.  The  moit  eiteiuiTe  table  Is  that  of  Captain  Boileau,  of  the  Brittah  annT, 
bdng  oaloulated  for  every  tulunte  of  bearing,  and  to  five  dedmftl  places,  for  diataocea 
from  1  to  10.  The  table  Id  this  Tolume  naa  oalculated  for  it,  and  then  compared 
with  the  one  Just  meDthmed. 

f  In  naiug  thi^  or  an;  aitnUar  table,  lav  a  niler  acroea  the  page,  jnat  above  or  b^ 
low  the  line  to  be  followed  out.    Thia  ia  a  very  valuable  mecbaoical  a: 
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For  compound  numbera,  such  as  873,  it  is  only  neceaaaiy  to 
find  separately  the  latitudes  and  departures  of  800,  of  70,  aud  of 
3,  and  add  them  together.  Bat  this  may  be  done,  with  acarcel; 
any  risk  of  error,  by  the  following  eimple  role : 

Write  down  the  latitude  and  departure  tor  the  firat  fignre  of 
the  given  number,  as  found  in  the  tabic,  neglecting  the  decimal- 
point  ;  write  under  them  the  latitude  and  departure  of  the  second 
figure,  setting  them  one  place  farther  to  the  right ;  under  them 
write  the  latitude  and  departure  of  the  third  figure,  setting  them 
one  place  farther  to  the  right ;  and  bo  proceed  with  all  the  figures 
of  the  given  number.  Add  np  these  latitudes  and  departures,  and 
out  off  the  three  right-hand  figures.  The  remaining  figures  will 
be  the  latitude  and  departure  of  the  given  number  in  links,  or 
chains,  or  feet,  or  whatever  nnit  it  was  given  in. 

For  example :  Let  the  latitude  and  departure  of  a  course  hav* 
ing  a  distance  of  873  links,  and  a  bearing  of  20°,  be  required.  -  Id 
the  table  find  20°,  and  then  take  out  the  latitude  and  departure 
lot  8,  7,  and  8,  in  torn,  placing  them  as  above  directed,  thus  : 
Distances.  Latitudes.  Departures. 

800  7518  3736 

70  6578  8394 

_8  8819  1086 

873  820-399  398-566 

Taking  the  nearest,  whole  numbers  and  rejecting  the  decimals, 
we  find  the  desired  latitude  and  departure  to  be  820  and  299.* 
When  a  0  occurs  in  the  given  number,  the  neit  figure  must  be 
set  two  places  to  the  right,  the  reason  of  which  will  appear  from  the 
following  example,  in  which  the  0  is  treated  like  any  other  number  : 
Given  a  hearing  of  35°,  and  a  distance  of  3048  links. 
Distances.  Latitudes.  Departures. 

3000  3467  1721 

000  0000  0000 

*>  3377  8294 

8  6553  4589 

80*8  2496  -323  1 748  "529 

*  It  te  frequentlj  doubtful,  in  maaj  calcnlatioiu,  vben  the  final  dcdmtl  b  5, 
rhetber  to  iocreue  the  preceding  figure  by  one  or  not.  Thus,  48-8  maj  be  cilled  4S 
or  44  »itb  equal  oorrectncu.  It  is  better,  in  sucb  cBseB,  not  to  Iocreue  tbe  whole 
wunbw,  M  ai  to  eaoape  the  trouble  of  cbau^ng  the  origiaal  figure,  and  the  increased 


^dbvGoO^^k' 


LATITUDES  AKD  DEPARTURES.  147 

Here  the  latitadee  and  departures  are  2496  and  1719  links. 
When  the  bearing  is  over  45°,  the  names  of  the  columns  must 
be  read  from  the  bottom  of  the  page,  the  latitade  of  any  bearing, 
aa  60°,  being  the  departure  of  the  complement  of  this  bearing,  or 
40°,  and  the  departure  of  40°  being  the  latitude  of  50°,  etc  The 
reason  of  this  will  be  at  once  seen  on  inspecting  Fig.  177,  and 
imagining  the  east  and  west  line  to  become  a  meridian.  For,  if 
A  0  be  the  magnetic  meridian,  as  before,  and  therefore  B  AO  be 
the  bearing  of  the  course  A  B,  then  is  A  G  the  latitude,  and  C  B 
the  departure  of  that  course.  But  if  A  E  be  the  meridian  and 
BAD  (the  complement  of  B  A  C)  be  the  bearing,  then  is  A  D 
(which  is  equal  to  C  B)  the  latitude,  and  D  B  (which  is  equal  to 
A  0)  the  departure. 

As  an  example  of  this,  let  the  bearing  be  63^°,  and  the  distance 
3,469  links.     Proceeding  as  before,  we  have^ 

DiatancM.  Latitudes.  Departures. 

3000  13S0  2679 

400  1800  3572 

60  2701  5358 

9  4051  8037 


3469-  1561-061  3097-817 

The  required  latitude  and  departure  are  1561  and  3098  links. 

In  the  few  cases  occurring  in  compass-surveying,  in  which  the 
bearing  is  recorded  as  somewhere  between  the  fractions  of  a  degree 
given  in  the  table,  its  latitude  and  departure  may  be  found  by  in- 
ierpolation.  Thus,  if  the  bearing  be  lOf",  take  the  half  sum  of  the 
latitudes  and  departures  for  10^°  and  lOJ".  If  it  be  10"  20',  add  one 
third  of  the  difference  between  the  latitudes  and  departures  for  10^° 
and  for  10|°,  to  those  opposite  to  10^** ;  and  so  in  any  similar  case. 

The  uses  of  this  table  are  very  varied.  The  principal  applica- 
tions of  it,  which  will  now  be  explained,  are  to  testing  the  accu- 
racy of  surveys ;  to  supplying  omissions  in  them ;  to  platting 
them;  and  to  calculating  their  content.* 

dunce  of  error.     If,  however,  more  tliui  one  iueli  case  oocnra  to  the  fame  column 
to  be  added  up.  the  larf^r  and  uaaller  number  ahould  be  taken  alternatelT. 

*  The  tTBTene-table  admits  of  nianj  other  minor  uses.     Thus,  it  ma;  be  used 
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243.  Applioatioii  to  testing  a  Surrey.  It  is  self-evideat  that, 
when  the  suirejor  has  gone  completely  aroand  a  field  or  farm, 
taking  the  bearings  and  distances  of  each  boandary-line,  till  he 
baa  got  back  to  the  starting-point,  he  has  gone  precisely  as  far 
Boath  aa  north,  and  as  far  west  as  east.  Bat  the  anm  of  the  north 
latitudes  tells  how  far  north  he  has  gone,  and  the  enm  of  the  south 
latitndes  how  far  sonth  he  has  gone.  Hence  these  two  sams  will 
be  equal  to  each  other,  if  the  enrvey  has  been  correctly  made.  In 
like  manner,  the  sums  of  the  east  and  of  the  west  departures 
must  also  be  equal  to  each  other. 

We  will  apply  this  principle  to  testing  the  accuracy  of  the  sur- 
vey of  which  Fig.  161  ifi  a  plat  Prepare  seven  Golamns,  and  head 
them  as  below.  Find  the  latitude  and  departnre  of  each  course  to 
the  nearest  link,  and  write  them  in  their  appropriate  columns. 
Add  up  these  columns.  Then  will  the  difference  between  the 
snms  of  the  north  and  soath  latitudes,  and  between  the  sama  of 
the  east  and  west  departures,  indicate  the  degree  of  aocaracy  of 
the  surrey. 


„™... 

BUBHISS. 

Durucn. 

..tm™-. 

i«P«r™«.      1 

N. 

e. 

K. 

w. 

N.  8B°    E. 
N.  88  r  E. 
8.  67*    E. 
8.  841"  W. 
N.  681°  W. 

a-70 
i-a» 

fi-22 
866 
8-33 

aai 

•IB 
1-78 

i-ai 

2-98 

1-28 
1-86 

2-00 
2-69 

414 

4-14 

4-e9 

4'69 

The  entire  work  of  the  above  example  is  given  on  the  following 
page. 

for  solTiDg,  approxim&lely,  tnj  righMngled  triugle  by  mere  uupection,  tbe  bearing 
being  taken  for  one  of  the  acat«  angles ;  the  latitude  being  the  side  adjacent,  the  de- 
parture the  aide  oppodte,  and  the  distance  the  hypotennse.  Any  two  of  these  bdng 
pren,  the  others  are  RiTeD  hy  the  table.  The  table  will  therefore  eerve  to  ahow  the 
allowanoe  to  be  made  b  cbuniag  on  alopea  <see  Art.  SO).  Look  in  the  column  of 
besrioga  for  the  slope  of  the  ground— i.  e.,  the  angle  it  mskei  with  the  boriKm,  find 
the  given  distance,  and  the  latttnde  corresponding  will  be  the  desired  horiiontal 
measurement,  and  the  difflereno*  between  it  and  the  distance  will  be  the  aliowanoa 
to  be  made. 
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S70- 

1688 
67840 

221140 

1147 
40160 

164-860 

84i= 
866- 

2480 
4188 
4188 

298-488 

1688 

3814 
3814 

199-704 

8»i' 

118 

aa« 

1019 

994 
1997 
8948 

6H° 

1666 
1104 
16S6 

BB09 
1668 

260S 

189- 

14-679 

138-213 

saa- 

178-396 

269883 

1M9  1677  inwrted  in  tha  table,  and  the  re- 

maining  decimals  are  neglected. 

882-        120-879  186-147 

In  the  preceding  example  the  reBpeotive  sums  were  found  to  be 
exactly  equal.  This,  however,  will  rarely  occnr  in  an  exteosiTe 
survey.  If  the  difCerence  be  great,  it  indicates  some  mistake,  and 
the  survey  must  be  repeated  with  greater  care  ;  but  if  the  differ- 
ence be  Bmali  it  indicates,  not  absolute  errors,  bat  only  inaccura- 
cies, unavoidable  in  surveys  with  the  compass,  and  the  snrvey  may 
be  accepted. 

How  great  a  difference  in  the  sums  of  the  columns  may  be 
allowed,  as  not  BecesBitating  a  new  survey,  is  a  dubious  point. 
Some  sarveyoTS  would  admit  a  difference  of  1  link  for  every  3 
chains  in  the  sam  of  the  courses  ;  others  only  1  link  for  every  10 
chains.  One  writer  puts  the  limit  at  5  linke  for  each  station ; 
another  at  86  links  in  a  survey  of  100  acres.  But  every  practical 
surveyor  soon  learns  how  near  to  an  equality  his  instmment  and 
his  skill  will  enable  him  to  come  in  ordinary  cases,  and  can  there- 
fore establish  a  standard  for  himself,  by  which  he  can  judge 
whether  the  difference,  in  any  survey  of  his  own,  is  probably  the 
result  of  an  error,  or  only  of  his  cnstomary  degree  of  inaccuracy, 
two  things  to  be  very  carefully  distinguished.* 

844.  AppUeation  to  rapplying  OnuMioni,  Any  two  omissions 
in  the  field-notes  can  be  supplied  by  a  proper  use  of  the  method  of 
latitudes  and  departures  ;  as  will  be  explained  in  Chapter  V,  which 
treats  of  "Obstacles  to  Measurement,"  under  which  head  this 

*  A  AvDCb  writer  fliea  (beallowable  difference  in  cbalning  at  1.400  of  lefei  linea; 
1*300  of  Unea  on  moderate  alopes ;  1.100  of  lineB  od  (Uep  slopes. 
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Bobjeot  most  appropriately  belonge.  But  s  knowledge  of  the  £act 
that  any  tvo  omissione  can  be  supplied,  should  not  lead  the  yoang 
surveyor  to  be  negligent  in  making  erery  possible  meaeoremeDt, 
since  an  omission  renders  it  necessary  to  assame  all  the  notes  taken 
to  be  correct,  the  means  of  testing  them  no  longer  existing. 

84S.  Balancing  a  Snrvey.  The  subsequent  applications  of  this 
method  require  the  survey  to  be  previously  balanced.  This  opera- 
tion consists  in  correcting  the  latitudes  and  departures  of  the 
courses,  so  that  their  sums  shall  be  equal,  and  thus  "balance." 
This  is  usually  done  by  distributing  the  diSerences  of  the  sums 
among  the  courses  in  proportion  to  their  length  ;  saying,  aa  the 
sum  of  the  lengths  of  all  the  courses  m  to  the  whole  difference  of 
the  latitude,  so  is  the  length  of  each  course  to  the  correction  of  ite 
latitude.     A  similar  proportion  corrects  the  departures.* 

It  is  not  often  necessary  to  make  the  exact  proportion,  as  the 
correction  can  usually  be  made,  with  sufficient  accuracy,  by  not- 
ing how  much,  per  chain  it  should  be,  and  correcting  accord- 
ingly. 

In  the  example  ^iven  below,  the  differences  have  purposely  been 
made  considerable.  The  corrected  latitudes  and  departures  have 
been  here  inserted  in  four  additional  columns,  but  in  practice  they 
should  be  written  in  red  ink  over  the  original  latitudes  and  depart- 
ores,  and  the  latter  crossed  out  with  red  ink. 


T 

3 
8 

4 

BIABIMoa. 

=! 

I.ATITCI>B& 

DIPABTDBn. 

™^?. 

S""™ 

N.+ 

8.- 

B.-f 

w.- 

N.+       8,- 

B.+ 

w.- 

N.62°   E. 
8.  291=  E. 
8.  8U°W. 
N.W   W. 

1008 
4-10 
7-69 
718 

6-54 
8-46 

8-S6 
6-64 

8-88 
208 

40G 
6-24 

6-58 

1   8-S6 
fl-61 
8-48 

8-84 
201 

408 

6-27 

89-56 

10-tM) 

1010 

10-41 

10-29 

10-06  10-06 

10-SS 

10-86 

The  corrections  are  made  by  the  following  proportions ;  the 
nearest  whole  numbers  being  taken  : 


of  thii  prindple  msgifeub;  Dt.  Bmrditcb,  in  No.  iofTItt 
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fbr  tJtt  latitHde: 

28-66 

10-63  : :  1 

29-65 

4-10  : :  ] 

29-56 

se-s6 

7-18  : :  1 

For  Iht  Dtparivreg, 
66  :  10-63  :  :   12  ;  4 
66  :     4-10  : :   12  :  2 


This  rule  is  not  always  to  be  strictly  followed.  If  one  line  of  a 
aorvey  has  been  measured  over  very  uneven  and  rough  ground,  or 
if  Ob  bearing  has  been  taken  with  an  indistinct  sight,  while  the 
other  lines  have  been  measured  over  level  and  clear  ground,  it  is 
probable  that  most  of  the  error  has  occurred  on  that  line,  and  the 
correction  should  be  chiefly  made  on  its  latitude  and  departure. 

It  H  slight  change  of  the  bearing  of  a  long  course  will  favor  the 
balancing,  it  should  be  bo  changed,  since  the  compass  is  mncli 
more  subject  to  error  than  the  chain.  So,  too,  if  shortening  any 
doubtful  line  will  favor  the  balancing,  it  should  be  done,  since  dis- 
tances are  generally  measured  too  long. 

846.  Applicatioii  to  Platting.  Rule  three  columns ;  one  for 
stations,  the  next  for  total  latitudes,  and  the  third  for  total  de- 
partures. Fill  the  last  two  columns  by  beginning  at  any  conven- 
ient station  (the  extreme  east  or  west  is  beat)  and  adding  up  (alge- 
braically) the  latitudes  of  the  following  stations,  noticing  that  the 
south  latitudes  are  aubtractive.  Do  the  aame  for  the  departures, 
observing  that  the  westerly  ones  are  also  aubtractive. 

Taking  the  example  given  in  Art.  243,  and  beginning  with  sta- 
tion 1,  the  following  will  be  the  resnlta : 


-'"ii^jj-r""'- 

r^..^.^«.^ 

0-00 

+  2-ai  N. 

+  3'86  N. 

+  1-15  N. 

-  1-78  8. 

0-00 

0-00 
+  1-5B  E. 
+  2-88  E. 

+  4-eg  E. 

+  2-69  E. 
0-00 

It  will  be  Been  that  the  work  proves  itself,  by  the  total  latitudes 
and  departures  for  station  1,  again  coming  out  equal  to  zero. 
To  nee  this  table,  draw  a  meridian  through  the  point  taken  for 
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Fio.  178, 


BtatioD  1,  as  in  Fig.  178.  Set  off,  upward  from  this,  along  the 
meridiao,  the  Latitudo,  221  links,  to  A,  and  from  A,  to  the  right 
perpend  icnlail J,  set 
off  the  departure,  155 
links.*  This  gives 
the  point  3.  Join 
1....3.  From  1  again, 
set  off,  upward,  236 
links,  to  B,  and  from 
B,  to  the  right,  per- 
pendicularly, get  off 
283  links,  which  will 
fix  the  point  3.  Join 
2.. ..3  ;  and  bo  pro- 
ceed, setting  off  north 
latitudes  along  the 
meridian  upward,  and 
south  latitudes  along 
it  downward  ;  east 
departures  perpendicularly  to  the  right,  and  west  departures  per- 
pendicularly to  the  loft. 

The  advantages  of  this  method  are  its  rapidity,  ease,  and  aecn- 
racy  ;  the  impossibility  of  any  error  in  platting  any  one  course 
affecting  the  following  points  ;  and  the  certainty  of  the  plat  "com- 
ing together,"  if  the  latitudes  and  departures  have  been  "bal- 
anced." 

CALCULATINO  THB    CONTENT. 

847.  Hetbods.  When  a  Seld  has  been  platted,  by  whatever 
method  it  may  have  been  surveyed,  its  content  can  be  obtained 
from  its  plat  by  dividing  it  np  into  triangles,  and  measuring  on  the 
plat  their  bases  and  perpendicalars  ;  or  by  any  of  the  other  means 
explained  in  Chapter  II. 

But  these  are  only  approximate  methods,  their  degree  of  aocn- 

*  This  ia  moat  eviily  done  with  the  Kid  of  a  rlgbt-«Dg1ed  triutgle,  sliding  one  of 
the  sides  adjscent  to  the  right  angle  along  the  blade  of  the  aquaie,  to  which  the  other 
ride  will  then  be  perpeudlenUr. 
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ncj  depending  ou  the  largeness  of  scale  of  the  plat  and  the  skill 
of  the  draughtsman.  The  invaluable  method  of  latitudes  and  de- 
partures gives  another  means,  perfectly  accurate,  and  not  requiring 
the  previous  preparation  of  a  plat.  It  is  sometimes  called  the 
rectangular,  or  the  Pennsylvania,  or  Bitteuhouse's  method  of  oal- 
cnlation.* 

348.  Befinitioni,  Imagine  a  meridian  line  to  pass  through  the 
extreme  east  or  west  corner  of  a  field.  According  to  the  defi- 
nitions established  in  Art  339  (and  here  recapitnlated  for  cou- 
venience  of  reference),  the  perpendicular  distance  of  each  station 
from  that  meridian  is  the  Lortj/itude  of  that  station ;  additive,  or 
plus,  if  east ;  subtractive,  or  minus,  if  vest  The  distance  of  the 
middle  of  any  line,  such  as  the  side 
of  the  field,  from  the  meridian,  is 
called  the  longitude  of  that  side-f 
The  difference  of  the  longitudes 
of  the  two  ends  of  a  line  is  called 
the  Departure  of  that  line.  The 
difference  of  the  latitudes  of  the 
two  ends  of  a  line  is  called  the 
Latitude  of  the  line. 


Fto.  179. 


249.  Longitadei.  To  give  more 
definiteness  to  the  development  of 
this  subject,  the  figure  in  the  mar- 
^n  will  be  referred  to,  and  may  he 
considered  to  represent  any  space 
inclosed  by  straight  lines. 

Let  N  S  be  the  meridian  passing 
through    the   extreme  westerly  station  of  the  field  ABODE. 

*  It  is,  hovever,  aabstanUall;  the  same  m  Mr.  ThomM  Buigb'a  <*  Uethod  to  do- 
tcrmine  the  Areu  of  Rlf;hl-lined  Figures  ualTecwJl;,"  published  oearl;  ■  centarj 
•go. 

t  The  phimH  "  meridian  diatance  "  ie  general;  and  for  what  la  here  called  "  lon- 
gilude";  bnt  the  analogy  of  "differcDces  of  Itnigitude"  with  "differeneeB  of  lati- 
tnde,"  uaualiy  but  anomalouBlT  united  irith  the  word  "departure,"  borrowed  from 
naTigation,  nemi  t«  pat  bejrottd  all  question  the  proprielj  of  the  innorttlon  here 
introduced. 
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From  tho  middle  and  ends  of  eacb  eide  draw  perpenaicnisrs  to 
the  meridian.  These  perpendiculars  will  be  the  longit'Mles  »nd 
departures  of  the  respective  sides.  The  longitude,  FG,  of  the 
first  course,  AB,  b  evidently  equal  to  half  its  departure,  HB. 
The  longitude,  JK,  of  the  second  conree,  BC,  ie  equal  to  JL 
-|-LM  +  UE,  or  equal  to  the  longitude  of  the  preceding  coarse, 
plus  half  its  departure,  plus  half  the  departure  of  the  course  it- 
self. The  longitude,  Y  Z,  of  some  other  course,  as  E  A,  taken  any- 
where, is  equal  to  W  X  —  V  X  —  TJ  V,  or  equal  to  the  longitude 
of  the  preceding  course,  minus  half  Ma  departure,  minus  half  the 
departure  of  the  course  itself — i.  e.,  equal  to  the  algebraic  sum  of 
these  three  parts,  remembering  that  westerly  departures  are  nega- 
tire,  and  therefore  to  be  subtracted  when  the  directions  are  to 
make  an  algebraic  addition. 

To  avoid  fractions  it  will  be  better  to  doable  each  of  the  pre- 
ceding expressions.     We  shall  then  have  a 

QBNBIUL    Ruts    FOR    FINDING    DoCBLB    LoKQITITDBS. 

7%e  double  longitude  of  the  fibst  coubse  is  equal  to  its  depart- 
ure. 

The  double  longitude  of  the  SECoyD  coubse  is  equal  to  the  double 
longitude  of  the  first  course,  plus  the  departure  of  that  course,  plus 
the  departure  of  the  second  course. 

The  double  longitude  of  the  third  coukse  is  equal  to  the  double 
longitude  of  the  second  course,  plus  the  departure  of  that  course, 
plus  the  departure  of  the  course  itself. 

The  double  longitude  of  ant  course  is  equal  to  the  double  longi- 
tude of  the  preceding  course,  plus  the  departure  of  thai  course,  plus 
the  departure  of  the  course  itself.* 

The  double  longitude  of  the  last  course  (as  well  as  of  the  first) 
is  equal  to  its  departure.  Its  "  coming  ont "  so,  when  obtained  by 
the  above  rule,  proves  the  accuracy  of  the  calculation  of  all  the 
preceding  double  longitudes. 

250.  Areas.  We  will  now  proceed  to  find  the  area  or  content 
of  a  field,  by  means  of  the  "  doable  longitudes  "  of  its  sides,  which 

•  The  last  coaree  U  a  "  preceding  course  "  to  the  flret  course,  aa  will  appeBr  ax 
nmwnberiDg  tbat  these  two  courses  join  vuch  other  on  the  ground. 
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C&D  be  readily  obtained  by  the  preceding  rule,  whatever  their 
number. 


Fia.  ISO. 


261.  Beginning  with  a  Ihree-atded  feld,  A  B  C  in  the  Bgnre, 
draw  s  meridian  through  A,  and  draw  perpendiculars  to  it  as  in 
the  last  figure.  It  is  plain  that  ite  con- 
tent is  equal  to  the  difference  of  the  areas 
of  the  trapezoid  D  B  C  E,  and  of  the  tri- 
angles A  B  D  and  A  0  E. 

The  area  of  the  triangle  A  B  D  is  equal 
to  the  product  of  A  D  by  half  of  D  B,  or 
to  the  product  of  AD  by  FO;  i.  e.,  equal 
to  the  produot  of  the  latitude  of  the  first 
conise  by  its  longitude. 

The  area  of  the  trapezoid  D  B  C  E  is 
equal  to  the  product  of  DE  by  half  the 
sum  of  D  B  and  C  £,  or  by  H  J ;  i.  e., 
to  the  product  of  the  latitude  of  the  sec- 
ond coarse  by  its  longitnde. 

The  area  of  the  triangle  A  C  E  is  equal  to  the  product  of  AE 
by  halt  EC,  or  by  KL;  i.  e.,  to  the  product  of  the  latitade  of  the 
third  course  by  its  longitude. 

Calling  the  products  in  which  the  lati- 
tude was  north,  North  Products,  and  the 
products  in  which  the  latitude  was  south, 
South  Productt,  we  shall  find  the  area  of 
the  trapezoid  to  be  a  south  product,  and 
the  areas  of  the  triangles  to  be  north  prod- 
ucts. The  difference  of  the  north  products 
and  the  south  products  is  there/ore  the  de- 
sired  area  of  the  three-sided  field  ABC. 

Using  the  double  longitudes  (in  order  to 
aroid  fractions)  in  each  of  the  preceding 
products,  their  difference  will  be  the  double 
area  of  the  triangle  ABC. 

2SS.    Taking    now  a  four-sided  field, 
ABCDinthe  fignre,  and  drawing  a  meridian  and  longitudes  as 
11 
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before,  it  is  seen,  on  inspection,  that  ita  area  vould  be  obtained 
by  taking  the  two  triangleB,  ABE,  A D G,  from  the  figure 
E  B  C  D  G  E,  or  from  the  sum  of  the  two  trapezoids  E  B  G  F  and 
FCDG. 

The  area  of  the  triangle  A  E  B  will  be  found,  as  in  the  last 
ardole,  to  be  equal  to  the  product  oF  the  latitude  of  the  first 
course  hj  its  longitude.     The  prodoot  will  be  North. 

The  area  of  the  trapezoid  E  B  0  F  will  be  found  to  equal  the 
latitude  of  the  second  cooise  by  its  lon^tude.  The  product  will 
be  South. 

The  area  of  the  trapezoid  F  G  D  0  will  be  found  to  eqnal  the 
product  of  the  latitude  of  the  third  course  b;  ita  longitude. 
The  product  will  be  SotUh. 

The  area  of  the  triangle  A  D  G  will  be  found  to  equal  the  prod- 
uct of  the  latitude  of  the  fourth  course  by  ita  longitude.  The 
product  will  be  North. 

The  difference  of  the  north  and  south  products  will  there/ore  b« 
the  desired  area  of  the  four-sided  field  A  B  0  D. 

TTsing  the  double  longitnde  aa  before,  in  each  of  the  preceding 
prodnctA,  their  difference  will  be  douMe  the  area  of  the  field. 

858.  WhatcTer  the  number  or  directious  of  the  sides  of  a  field, 
or  of  any  space  inclosed  by  straight  lines,  ita  area  will  always  be 
equal  to  half  of  the  difference  of  the  north  and  south  products 
arising  from  mnlttplying  together  the  latitude  and  double  loDgitnde 
of  each  course  or  side. 

We  hare,  therefore,  the  following 

OiNBBAL  Rule  fob  FiHDna  Abbab. 

1.  Prepare  ten  columns,  headed  as  in  the  example  helow,  and  in- 
the  first  three  write  the  stations,  bearings,  and  distances. 

Z.  Find  the  latitudes  and  departures  of  each  course,  by  the 
traverse-table,  aa  directed  in  Art.  242,  placing  them  in  .the  four 
foUowiTig  columns. 

8.  Bclance  them,  as  in  Art.  845,  correcting  them  in  red 
Ini. 

4  Find  the  double  longitudes,  as  in  Art.  349,  with  reference 
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to  a  meridian  passing  through  the  extreme  east  or  west  station,  and 
place  them  in  the  eighth  column. 

5.  Multiply  the  double  longitude  of  each  course  by  the  corrected 
latitude  of  that  course,  placing  the  north  products  in  the  ninth 
column,  and  the  south  products  in  the  tenth  column. 

6.  Add  up  the  last  two  columns,  subtract  the  smaller  sum  from 
the  larger,  and  divide  the  difference  by  two.  The  quotient  toiU  he 
the  coitient  desired. 


254.  To  find  the  moet  easterly  or  westerly  station  of  a  enrrey, 
without  a  plat,  it  is  beut  to  make  a  rough  hand-sketch  of  the  snr- 
vey,  drawiug  the  lines  in  an  approximation  to  their  trne  direotiona, 
by  drawing  a  north  and  sonth,  and  east  and  west  lines,  and  con- 
sidering the  bearings  as  fractional  parts  of  a  right  angle,  or  90° ; 
a  course  N.  15°  £.,  for  example,  being  drawn  abont  balf-way  be- 
tween a  north  and  an  east  direction  ;  a  coarse  N.  28°  W.  being  not 
quite  one  third  of  the  way  around  from  north  to  west ;  and  so  on, 
drawing  them  of  approximately  true  proportional  lengths. 

265.  Example  1,  given  below,  refers  to  the  five-sided  field,  of 
which  a  plat  is  given  in  Fig.  161,  and  the 
latitudes  and  departures  of  which  were 
calculated  in  Art.  243.  Station  1  is  the 
most  westerly  station,  and  the  meridian  will 
be  supposed  to  pasa  through  it.  The  donble 
longitudes  are  best  found  by  a  coDtinual 
addition  and  subtraction,  as  in  the  mar- 
gin, where  they  are  marked  D.  L.  The 
'  double  longitude  of  the  last  course  comes 
out  equal  to  its  departure,  thus  proving  the 
work. 

The  donble  longitndea  being  thus  ob- 
tained, are  multiplied  by  the  corresponding 
latitudes,  and  the  content  of  the  field  ob- 
tained as  directed  in  the  General  Rule. 

This  example  may  serve  as  a  pattern  for  the  most  oompeot 
manner  of  arranging  the  work. 
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256.  The  meridian  might  equally  well 
have  been  supposed  to  pass  through  the 
moat  easterly  station,  1  in  the  figure.  The 
double  longitudes  could  then  have  been 
calculated  aa  in  the  margin.  They  will,  of 
Goaree,  be  all  west,  or  minas.  The  prod- 
ucts being  then  calculated,  the  sum  of  the 
north  products  will  be  found  to  be  39*9625, 
and  of  the  south  products  8*1106,  and 
their  difference  to  be  21-8519,  the  same  re- 
sult as  before. 

257.  A  number  of  examples,  with  and 
without  answers,  will  now  be  given  as  ei- 


ercisea  for  the  student,  who 
should  plat  them  by  some  of 
the  methods  given  in  the  chap- 
ter on  platting,  using  each  of 
them  at  least  once.  He  should 
then  calculate  their  content  by 
the  method  just  given,  and 
check  it,  by  aho  calculating  the 
area  of  the  plat  by  some  of 
the  geometrical  or  instrument- 
al methods  given  in  Chapter 
I ;  for  DO  single  calcnlation  is 
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erei  reliable.    All  the  esamples  (except  the  last)  are  from  the 
author's  actual  BUrreys. 

Example  2,  given  below,  is  also  fully  worked  oat,  as  another 
pattern  for  the  stndent,  who  need  have  no  difficulty  with  any 
possible  case  if  he  strictly  follows  the  directions  which  have 
been  gireti.  The  plat  is  on  a  scale  of  %  chains  to  1  inch 
(  =  1:1584). 
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0-96 

8.  48i°  E. 

1-B8 

8.  14i°  E. 
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8.  194"  E. 

2-16 

8.  28i°  W. 

1-22 

B.  5°      W. 

1-40 

10 

8.  80°    W. 

1-02 

11 

8.  81i°W. 

069 

12 

N.  82J°  W. 

1-98 

«.,.™ 

«a™,.«. 
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1 

1  N.  78J°  E. 

0-88 

2 

!  S.  201°  E. 

0-22 

1  a  68°    E. 

0-76 

N.61°    E. 

2-8B 

N.44°    E. 

I-IO 

■S.  381°  W. 
N.  81^    W. 

106 

S.  89°    W. 

1-68 

N.  7H°  W. 

0-81 

10 

N.  18i°  W. 

1-17 

11 

IN.  68°    W. 

1-38 

12 

!       West. 

168 

13 

'  N.  49°    W. 

0-80 

14 

8.  19i°E. 

6-20 

Example  13.     A  farm  is  deecribed  in  an  old  deed  as  bonnded 
tims  :  Banning  at  a  pUe  of  BtoDes,  and  running  tbence  twenty- 
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Beven  chains  and  seventy  links  aoatheastorly  dxty-Bix  and  a  half 

degrees  to  a  white-oak  stamp ;  thence  eleven  chains  and  sixteen 

links  northeaaterlv  twenty 

..,,,,  Fio.  188. 

and  a  half  degrees  to  a  ^ 

hickory-tree  ;  thence  two 
chains  and  thirty-five  hnke 
northeasterly  thirty-six  de- 
grees to  the  southeasterly 
comer  of  the  homestead ; 
thenoe  nineteen  chains  and 
thirty-two  links  northeast- 
erly twenty-six  degrees  to 
a  stone  set  in  the  groond  ; 
thence  twenty-eight  chains 
and  eighty  links  northwest- 
erly sixty-six  degrees  to  a 
pine-Btnmp ;  thence  thirty- 
three  chains  and  nineteen 

links  Bontbweeterly  twenty-two  degrees  to  the  place  of  beginning, 
containing  ninety-two  acres,  be  the  same  more  or  less.  Beqoired 
tiie  exact  content. 


S58.  Xaaelieroni's  Theorem.     7%«  surface  of  any  polygon  it 

equal   to   half  the   sum  of  the  products  of  its 

Fib.  184.  sides  {omitting  any  one   side)    taken  tuw  and 

X  ttoo,  into  the  siTies  of  the  utiles  tehieh  those 

sides  make  with  each  other. 

Thus,   take  any   polygon,  sach  as  the  fire- 
sided  one  in  the  figure.      Express  the    angle 
which  the  directions  of  any  two  sides,  as  A  B, 
C  D,  make  with  each  other,  thus  (ABAC  D). 
Then  will  the    content  of  that  polygon  be,  as 
below : 
=  J[AB.BC.Bin(AB  ABC)  +  AB.0D.8in(ABACD) 
+  AB.DE.sin(ABADE)  +  BC.CD.Bin(BCACD) 
-J-  BC.DE.sin{BC  ADB)  +  CD.DE.8in{CD  aDE)] 
The  domonstration  consists  merely  in  dividing  the  polygon  into 
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triangles  by  liuea  drawn  from  any  angle  (as  A)  ;  then  expreBdng 
the  area  of  each  triangle  by  half  the  product  of  ite  base  and  the 
perpendicular  let  fall  upon  it  from  the  above-named  angle ;  and 
finally  separating  the  perpendioQlar  into  parte  which  can  each  be 
expreased  by  the  prodact  of  some  one  side  into  the  sine  of  the 
angle  made  by  it  with  another  side. 
The  sum  of  these  triangles  eqnals  the 
polygon. 

The  expressions  are  simplified  by 
diriding  the  proposed  polygon  into  two 
parts  by  a  diagonal,  and  compntlng  the 
area  of  each  part  separately,  making 
the  diagonal  the  side  omitted. 


269.  In  Fig.  185,  let  the  total  lati- 
tudes (Art  246)  of  the  stations  1,  %,  3, 
and  4  be  represented  by  l^  h,  h,  and 
^  respectively. 
Let  the  departures  of  each  course  separately  be  represented  by 
(fi,  d%,  ff„  and  d^  respectively. 
The  double  area  of  A  B  23 

=  AB(A2  +  B3) 
=  (i. -?.)(*?. +  <*.  +  <?.) 
=  ^1^  +  W, +  /^»-?srf. -'"»'?. -i»(^   [1.1 
The  double  area  of  C  B34 

=  CB(B3  +  C4) 
=  (i3  +  /.)(rf*+<?.  +  rf») 
=  /^.  +  ?srf4  +  W»  +  ?4rf*  +  /*«*  +  W^      [9.] 
The  double  area  of  12  A  =  Al  (A2)  =  l^y  [3.] 

The  double  area  of  14  C  =  01  (C4)  =  l,d.^.  [4.] 

Now,  the  double  area  of  the  figure  1234  is  equal  to  the  snm 
»f  [1]  and  [2]  -  the  sum  of  [3]  and  [4]. 
Combining  and  reducing,  we  have  : 

Double  area  of  1234=  ^  (d,  +  rf,)  +  /,  {d4  +  rf4  +  d3~<^ -rf 
-d;)  + 1*  (<*.  +  «'«). 
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Noting  that  rf*  -f  rfj  =  rf,  +  d|,  we  have. 

Doable  area  of  1234  =  /,  (rf,  +  d,)  +  ^  (rf.  -  dg)  + 1.  (rf|  +  (^i). 

Pntling  this  in  the  form  of  a  mie,  we  have  :  Multiply  the  total 
latitude  of  each  station  by  the  algebraic  sum  of  the  departures  of 
the  two  adjacent  courses.  One  half  of  the  algebraic  sum  of  the 
products  will  be  the  area. 

Aa  an  exercise  for  the  student,  let  him  find,  by  the  above 
method,  an  expressioD  for  the  area  of  fignrea  having  five  and  six 
sides. 

The  following  example,  worked  oat  by  the  method  of  doable 
longitndeB  (on  page  158),  and  below,  by  the  new  method,  will  show 
the  difference  between  the  two  methods  : 


H 

.«>»-. 

i 

..,„o«.. 

.^xit™.. 

TIIDKS. 

DBia. 

■SK 

N.+ 

8.- 

1-56 
1'28 

I'se 

w.- 

200 
2fl9 

1 
a 

8 

4 
6 

N.  86°    E. 
N.  881°  E. 
S.  67°    E. 
B.  844"  W. 
N.  6ai°  W. 

2-70 
1-29 
2-22 
a-56 
8-38 

2-21 
•15 

1-78 
414 

lai 

2-93 

SSI 

3-86 
IIB 

-1-78 

8-88 

814 

-OU 

-4  69 

6-aS4» 

74104 

-01610 

8-S48S 

414 

4-6U 

4e» 

Bqaare 

a)Bl-e619| 
cb^nfi,      100369 

In  oomptiting  the  total  latitudes,  if  the  total  latitude  of  the 
last  station  equals  the  latitude  of  the  last  course  with  sign  changed, 
the  total  latitudes  may  be  considered  correct. 

The  station  through  which  the  meridian  of  the  surrey  ia  sup- 
posed to  pass,  and  from  which  the  total  latitude  is  reckoned,  will 
have  no  latitude,  and  hence  the  product  of  its  latitude  and  adjap 
cent  departures  will  be  zero.  There  will  therefore  be  one  less 
product  than  there  are  stations. 

Any  station  may  be  taken  as  the  starting-point. 

To  verify  the  area  obtained  in  any  case,  calculate  s  second  time, 
using  a  difFerent  station  as  the  starting-point. 

This  method  was  first  published  by  J.  Woodbndge  Davis, 
C.  E.,  Ph.  D.,  in  Van  Nostrand's  "Engineering  Magazine,"  for 
April,  1870,  where  a  general  discussion  of  the  method  is  given. ' 
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THB  DBOLZNATIOir  07  THS  KAQNETIO  NBBDIA 
S60.  D«fiiiitiona.     The  magnetic  meridian  is  the  direction  indi- 
Oftted  by  the  magnetic  needle.     The  irue  meridian  is  a  true  north 
and  Bouth  line,  which,  if  produced,  would  paaa  through 
the  poles  of  the  earth.     The  declittation  of  the  needle  is 
the  angle  which  one  of  these  lines  makes  with  the  other. 
In  the  fignre,  if  X  S  repreeent  the  direction  of  the 
true  meridian,  wid  H'  S'  the  direction  of  the  magnetic 
meridian  at  any  place,  then  is  the  angle  NAN'  the  decli- 
nation of  the  needle  at  that  place. 

261.  Direction  of  the  Heedle.  The  direotiona  of  these 
two  meridians  do  not  generally  coincide,  bat  the  needle 
in  most  places  pqints  to  the  east  or  to  the  west  of  the 
true  north,  more  or  less  according  to  the  locality.  Observations 
of  the  amount  and  the  direction  of  this  declination  have  been 
made  in  nearly  all  parte  of  the  world.  In  the  United  States  the 
declination  in  the  Eastern  States  is  westerly,  and  in  the  Western 
States  is  easterly,  as  will  be  giren  in  detail,  after  the  methods 
for  determining  the  tme  meridian,  and  consequently  the  declina- 
tions, at  any  place  have  been  explained. 

To  determine  the  Trab  Mertdlajt. 
S62.  B7  Equal  Shadom  of  the  Snn.  On  the  sonth  side  of  anj 
level  surface  erect  an  npngbt 
staff,  shown  in  horizontal  pro- 
jection at  S.  Two  or  three 
hours  before  noon,  mark  the 
extremity,  A,  of  its  shadow. 
Describe  an  are  of  a  cirele 
with  S,  the  foot  of  the  staff,  for 
center,  and  SA,  the  distance 
to  the  extremity  of  the  shadow, 
for    radius.      About    as   many 

honrs  after  noon  as  it  had  been  before  noon  when  the  first  mark 
was  made,  watch  for  the  moment  when  the  end  of  the  shadow 
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touches  the  arc  itt  another  point,  B.  Bisect  the  arc  A  B  at  N. 
Draw  S  N,  and  it  will  be  the  trae  meridian,  or  north  and  soath 
line  required. 

For  greater  aecnracy,  describe  seyeral  arcs  beforehand,  mark 
the  points  in  which  each  of  thein  is  touched  by  the  shadow,  bisect 
each,  and  adopt  the  average  of  all.  The  shadow  will  be  better  de- 
fined if  a  piece  of  tin  with  a  hole  through  it  be  placed  at  the  top 
of  the  staS,  as  a  bright  spot  will  thus  be  substituted  for  the  less 
definite  shadow.  Nor  need  the  staff  be  vertical,  if  from  its  summit 
a  plnmb-line  be  dropped  to  the  ground,  and  the  point  which  this 
strikes  be  adopted  aa  the  center  of  the  arcs. 

This  method  is  a  very  good  approximation,  though  perfectly 
correct  only  at  the  time  of  the  solstices,  about  June  31st  and  De- 
cember 33d,     It  was  employed  by  the  Romans  in  laying  out  cities. 

To  get  the  declination,  set  the  compass  at  one  end  of  the  true 
meridian  line  thus  obtained,  sight  to  the  other  end  of  it,  and  take 
the  bearing  as  of  any  ordinary  line.  The  number  of  degrees  in  the 
reading  will  be  the  desired  declination  of  the  needle. 

263.  By  the  Vorth  Star,  iriien  in  the   Xeridian.     The  north 
star,  or  pole  star  (called  by  astronomers 
Alpha  Una  MinoHs,  or  Polaris),  is  not  "*' 

situated  precisely  at  the  north  pole  of  the  ^— « - — ., 

heavens.     If  it  were,  the  meridian  coold  /  \ 

be  at  once  determined  by  sighting  to  it,        /' 
or  placing  the  eye  at  some  distance  be-     Bv 
hind  a  plumb-line  so  that  this  line  should 
hide  the  star.    But  the  north  star  is  about  '"^^ 

li"  from  the  pole.    Twice  in  twenty-four  "^" 

hours,  however  (more  precisely,  twenty- 
three  hours  fifty-six  minutes),  it  is  in  the  meridian,  being  then 
exactly  above  or  below  the  pole,  as  at  A  and  C  in  the  figure.  To 
know  when  it  is  so,  is  rendered  easy  by  the  aid  of  another  star, 
easily  identified,  which  at  these  times  is  almost  exactly  above  oi 
below  the  north  star — i.  e.,  situated  in  the  same  vertical  plane. 
H,  then,  we  watch  for  the  moment  at  which  a  suspended  plumb- 
line  will  cover  both  these  stars,  they  will  then  be  in  the  meridian. 
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The  other  etar  is  in  the  veil-known  constellatioD  of  the  Great 
Bear,  called  also  the  Plow,  or  the  Dipper,  or  Oharles'a  Wain. 
Two  of  its  five  bright  stars 
(the  right-hand  ones  in  Fig. 
189)  are  known  as  the  "  Point- 
ers,"  from  their  pointing  near 
to  the  north  star,  thus  asEist- 
ing  in  finding  it.  The  mid- 
dle star  in  the  ttul  or  handle 
is  the  Btar  whiuh  comes  to 
the  meridian  at  the  same 
*^  .time    with    the    north    star, 

twice  in  twenty-four  hours,  as 
in  Fig.  189  or  190.  It  is 
known  as  Mizar,  or  Zeta  Ursa 
Majoris* 

To  determine  the  meridian  by  this  method,  suspend  s  long 
plumb-line  from  some  elevated  point,  such  aa  a  stick  projecting 
from  the  highest  window  of  a  house  suitably  situated.  The  plumb- 
bob  may  pass  into  a  pail  of  water  to  lessen  its  Tibratious.  South 
of  this  set  up  the  compass,  at  such  a  distance  from  the  plumb-line 
that  neither  of  the  stars  will  be  seen  above  its  highest  point — i.  e., 
in  latitudes  of  40°  or  50°,  not  quite  as  far  from  the  plumb-line  as 
it  is  long.  Or,  instead  of  a  compass,  place  a  board  on  two  stakes, 
so  as  to  form  a  sort  of  bench,  running  east  and  west,  and  on  it 
place  one  of  the  compass-sights,  or  anything  having  a  small  hole  in 
it  to  look  through.  As  the  time  approaches  for  the  north  star  to 
be  on  the  meridian  (as  taken  from  the  table  given  below)  place  the 
compass,  or  the  sight,  so  that,  looking  tlirougii  it,  the  plumb-line 
shall  seem  to  cover  or  hide  the  north  star.  As  the  star  moves  one 
way,  move  the  eye  and  sight  the  other  way,  so  as  to  constantly 
keep  the  star  behind  the  plnmb-line.  At  last  Mizar,  too,  will  be 
covered  by   the  plumb-line.     At  that  moment  the  eye  and   the 


*  The  north  pole  U  reiy  near);  at  the  intersection  of  the  line  from  Fdaris  ti 
Hlnr,  kod  k  peipeadieular  to  this  line  from  the  small  star  seen  to  the  left  of  It  ii 
ng.l8». 
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plDmb-lioe  are  (approximately)  in  the  meridian.  Fasten  down  the 
sight  on  the  boai'd  till  morning,  or  with  the  compass  take  the  bear- 
ing at  once,  and  the  reading  is  the  declination. 

Instead  of  one  plnmb-line  and  a  eight,  two  plumb-lines  may 
be  snapended  at  the  end  of  a  horizontal  rod,  taming  on  the  top 
of  a  pole. 

The  line  thna  obtained  points  to  the  east  of  the  tme  line  when 
the  north  star  is  above  Mizar,  and  vice  versa.  The  north  star  is 
exactly  in  the  meridian  0*85  of  a  minute  after  it  has  been  in  the 
same  vertical  plane  with  Mizar,  and  may  be  sighted  to,  after  that 
interval  of  time,  with  perfect  accuracy  for  1895, 

The  interval  between  the  time  when  Uizar  and  Polaris  are  on 
the  same  vertical  circle  and  the  time  when  Polaris  is  09  the  verti- 
cal circle  through  the  north  pole  is  increasing  0-36  of  a  minnte  a 
year,  bo  that  in  1900  the  interval  will  be  2-6  minutes. 

Another  bright  star,  which  is  on  the  opposite  side  of  the  pole, 
and  is  known  to  astronomers  as  Delta  Cassiopeia,  also  comes  on 
the  meridian  nearly  at  the  same  time  as  the  north  star,  and  may  be 
used  in  the  same  way  as  Mimr  for  finding  the  true  meridian. 

The  interval  between  the  time  when  Delta  Cassiopeia  and 
Polaris  are  on  the  same  vertical  circle  and  the  time  when  Polaris 
is  on  the  vertical  circle  through  the  north  pole  is  1-75  minutes  for 
1895,  and  is  increasing  033  minute  per  year,  so  that  in  1900  the 
interval  will  be  3-4  minutes. 

8M.  The  time  *  at  which  the  north  star  passes  the  meridian 
above  and  below  the  pole,  for  the  first  and  fifteenth  of  each  month, 
is  given  in  the  table  in  Art.  365  in  astronomical  time,  the  time 
being  counted  from  zero  at  noon  to  twenty-foar  Lours.     The  upper 

*  To  calcalale  the  time  of  the  north  star  pusing  tbfl  meridian  at  its  upper  cul- 
mination: Find  in  the  "American  Ephetnorlg  and  Nautickl  Almanac"  the  right  aaoen- 
■ion  of  the  nar,  and  from  it  (increued  bj  twenty-four  hours  If  neceaskr;  to  render 
tile  Butitractloii  possible)  Bubtract  the  right  ascenBton  of  the  sun  at  mean  noon,  or 
the  aideroil  time  at  mean  noon,  for  the  given  day,  as  found  in  the  "  ephemeria  of  the 
■on"  in  the  same  alinKiiac.  From  the  remainder  subtract  the  accelerBtion  of  side- 
n«l  on  mean  time  correnpODdlDg  to  this  remainder  (8m.  HSh.  for  S4  hours),  and  the 
Dew  remainder  Is  the  required  mean  aolar  time  of  the  apper  paasage  of  the  star 
acroaa  the  meridian,  in  "  aMronotnical  "  reckoning,  tlie  astronomical  daj  beginning  at 
noaa  <tf  tke  eamnXHi  mvil  da;  ot  tli*  mux  <i>te. 
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transit  is  the  most  convenient,  since  at  the  other  transit  Mizar  ii 
too  high  to  be  conveniently  observed, 

S60.  By  the  Hortli  Star  at  itt  Extreme  Xlongatioa.*  When  th 
north  star  is  at  its  greatest  apparent  angular  distance  east  or  west 
of  the  pole,  as  at  B  or  D  in  Fig.  188,  it  is  said  to  be  at  its  extreme 
eastern  or  extreme  western  elongation.  If  it  be  observed  at  either 
of  these  times,  the  direction  of  the  meridian  can  be  easily  obtained 
from  the  observation.  The  great  advantage  of  this  method  over 
the  preceding  is  that  then  the  star's  motion  apparently  ceases  for 
a  short  time. 

The  north  star,  which  is  now  abont  1°  16'  from  the  pole,  was 
13°  distant  from  it  when  its  place  was  first  recorded.  Its  distance 
is  now  diminishing  at  the  mte  of  about  a  third  of  a  minute  in  a 
year,  and  will  continue  to  do  so  till  it  approaches  to  within  half  a 
degree,  when  it  will  again  recede.  The  brightest  star  in  the  north- 
ern hemisphere.  Alpha  Lyra,  will  be  the  pole-star  in  about  twelve 
thousand  years,  being  then  within  abont  6°  of  the  pole,  though  now 
more  than  51°  distant  from  it. 

The  times  of  the  elongations  of  Polaris  is  given  in  the  following 
table,  compiled  from  information  furnished  by  the  superintendent 
of  the  United  States  Coast  and  Qeodetlc  Survey. 

The  time  given  in  the  table  is  astronomical  time,  in  which  the 
day  begins  at  noon  and  runs  twenty-four  hours.  The  civil  day 
begins  at  midnight,  and  is  divided  into  two  periods  of  twelve  hours 
each,  designated  as  a.  m.  and  p.  u. 

The  civil  day  begins  twelve  hours  before  the  aatronomical  day, 
so  that,  for  example,  June  6th,  10  o'clock  a.  h.,  civil  time,  is  June 
5th,  twenty-two  hours  astronomical  tin)e,  and  June  6th,  10  o'clock 
p.  M.,  is  June  6th,  ten  hours  astronomical  time. 

*  To  cklculatr  tbe  times  of  the  greatest  elongBilon  of  the  north  star :  Und  in  the 
"American  GphemeriB  and  Nantical  Almanac"  its  polar  distance  at  the  giren  time. 
Add  the  logarithiD  of  ils  Can(!ent  to  the  lo-ifanChm  of  tbc  tangent  of  tile  latitude  of 
the  place,  and  the  Bum  will  be  the  iDfcarithcD  of  the  coelne  of  tbe  bonr  angle  before 
or  after  the  ciilmination.  Reduce  the  spnct-  to  lime ;  correct  for  sidereal  acceleration 
(Sm.  Gfla.  for  ^4  hoars)  and  subtract  tbe  result  from  the  time  of  the  star's  pasaiog 
the  meridian  on  that  da;,  to  get  the  time  of  the  eaaUm  ekogalimi,  or  add  it  to  get 
the  veBtem. 
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APPROZIHATE  LOCAL  MEAN  <ASTROtfOHICAL1  TIKES  OV  THE  CUUUNATIONS 

AKD  ELONOATIOH8  OF  POLARIB  IN  THE  YEAR  18B&. 

(Computed  tor  lUltude  +  40*  aanh,  ud  lonKltucIe  S*  w«C  froni  Qreenwich.] 


D^™                       '^U^T" 

".SK^": 

Wert  FluDg^ 

Lower  out 
niinMlOD. 

J&nuAry  1 

23  40-8 

\  84-7 
5  394 

13  M-4 
11  84-1 

"»  3*3  6 
17  87-8 

February  1 

23  88-4 
21  88-a 

4  33-8 
3  87-1 

1  46' 7 

10  27  0 
9  81-8 

'"  8"86-5 
7  41-4 

10  30-2 
15  34  0 

Murdi  1 

20  43-0 
19  47-9 

14  867 
18  44  7 

12  87-7 
11  43-7 

lU  40-9 
17  45-9 

0  89-7 
28  40-8 

6  84-4 
5  39-4 

"  xC.'::::.::.:. 

16  43-1 

15  4tJ-S 

22  88-0 
31  43-0 

4  36-6 
8  41  7 

10  39-8 
9  44-9 

"15 

June  1     

14  41-5 
18  46-6 

^13~44  0 
11  49-1 

20  86-4 
19  41-6 

2  350 
1  40-1 

8  38-3 
7  43-4 

Julj  1 

18  88-9 
17  441 

0  37-5 

28  3B-7 

6  40-8 
6  45-9 

"'w;;:::;::::: :: 

10  43'S 

9  47-7 

8  4lT 
7  46-1 

16  87-6 
15  43-7 

22  83-3 
21  87-3 

4  89-4 
8  44-4 

14  36- 1 
13  41  3 

30  SO-6 
19  35-S 

3  37-9 
1  480 

October  i 

e  48-4 
5  4H-4 

12  38-4 
11  48-4 

~10  86  6 
9  41-5 

18  380 
17  380 

IG  31-2 
16  860 

14  88-0 
13  87-7 

0  40-2 
28  41-3 

4  41-fl 
8  40-4 

22  84-4 
31  39' 1 

20  36  2~ 
19  40-9 

a48-4 
1  481 

8  88-4 
7  48-2 

For  any  day  of  the  month  other  than  the  first  and  fifteenth,  suh- 
tract  3-94  minutes  for  every  day  between  it  and  the  preceding  tabu- 
lar day,  or  add  3-94  minutes  for  every  day  between  it  and  the  suc- 
ceeding tabular  day.  For  use  at  other  times  and  places  than  those 
for  which  the  table  was  computed,  the  following  corrections  are 
necessary : 

Forany  year  after  1895  add  0-25  minute  for  each  additional  year. 
This  will  be  correct  for  the  first  year  after  leap  year.  Besides  this 
correction,  for  the  second  year  after  leap  year,  add  0-9  minute ;  for 
the  third  year,  1-7  minntea;  for  leap  year  before  March  1st,  add  3-6 
minutes;  and  on  and  after  March  let,  subtract  1'3  minutes. 
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For  other  longitudes  thau  six  hours  west  from  Greenwich,  add 
0-16  minute  for  each  hour  east,  or  suhtract  0-16  minute  for  each 
hoar  west. 

For  other  latitodes  than  40°  north,  odd  to  the  time  of  west 
elongation  0'13  minute  for  every  degree  north  of  40°,  and  subtract 
0'13  minute'  for  every  degree  south  of  40°. 

When  "  standard "  time  is  used,  it  should  be  noted  that  local 
time  will  differ  from  standard  time  four  minutes  for  each  degree 
east  or  west  of  the  meridian  of  the  standard  time  used. 

206.  ObserTation&  Knowing  from  the  preceding  table  the  hour 
and  minute -of  the  extreme  elongation  on  any  day,  a  little  before 
that  time  suspend  a  plumb-line,  precisely  as  in  Art  263,  and  place 
yourself  south  of  it  as  there  directed.  As  the  north  star  moves 
one  way,  move  your  eye  the  other,  so  that  the  plumb-line  shall 
continually  seem  to  cover  the  star.  At  last  the  star  will  appear 
to  stop  moving  for  a  time  and  then  begin  to  move  backward. 
Fix  the  sight  on  the  board  (or  the  compass,  etc.)  in  the  position 
in  which  it  was  when  the  star  ceased  moving;  for  the  star  was 
then  at  its  extreme  apparent  elongation,  east  or  west,  as  the  case 
may  be. 

The  eastern  elongations  from  October  to  March,  and  the  west- 
em  elongations  from  April  to  September,  occurring  in  the  daytime, 
they  will  generally  not  be  visible  except  with  the  aid  of  a  powerful 


267.  Aiimnths.  The  angle  which  the  line  from  the  eye  to  the 
plumb-line  makes  with  the  true  meridian — i.  e.,  the  angle  between 
the  meridian  plane  and  the  vertical  plane  passing  through  the  eye 
and  the  star — is  called  the  Azimuth  of  the  star.  It  is  given  in  the 
following  table  for  different  latitudes,  and  for  a  number  of  years 
to  come.  For  the  intermediate  latitudes  it  can  be  obtained  by  a 
simple  proportion.* 

*  To  c&lcnlkte  this  uimuth :  fVom  tbe  logarithm  of  the  tine  of  the  polu-  distance 
of  the  star,  subtnet  the  togarlthm  of  the  cosine  of  tbe  latitude  of  the  place ;  the  re- 
nudnder  will  be  the  logarithni  of  the  sine  of  the  angle  required.  The  polar  distance 
can  be  obt^ned  as  directed  In  the  last  note. 
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.  Setting  out  a  HerldiuL  When  two  poinlie  in  the  direction 
of  the  north  star  at  its  extreme  elongation  have  been  ob- 
tained, as  in  Art.  266,  the  tme  meridian  can  be  foond 
thus  :  Let  A  and  B  be  the  two  points.  Multiply  the 
natnral  tangent  of  the  azimuth  giTeu  in  the  table  by  the 
distanoe  A  B.  The  product  will  be  the  length  of  a  line 
which  is  to  be  set  off  from  B,  perpendionlar  to  A  B,  to 
gome  point  0.  A  and  0  will  then  be  points  in  the  tme 
meridian.  This  operation  may  be  postponed  till  morn- 
ing. 

If  the  directions  of  both  the  extreme  eastern  and  ex- 
treme western  elongations  be  set  out,  Che  line  lying  mid- 
way between  them  will  be  the  true  meridian. 


260.  Detmnlning  tlu  Decdination.  The  declination  would,  of 
course,  be  giren  by  taking  the  bearing  of  the  meridian  thos  ob- 
tained, but  it  can  also  be  determined  by  taking  the  bearing  of  the 
star  at  the  time  of  the  extreme  elongation,  and  applying  the  fol- 
lowing ntles : 

When  the  azimuth  of  the  star  and  its  magnetic  bearing  are  one 
east  and  the  other  west,  the  sum  of  the  two  is  the  magnetic  decli- 
nation, which  is  of  the  same  name  as  the  azimuth — i.  e.|  east,  if  that 
be  east,  and  west,  if  it  be  west. 

When  the  azimuth  of  the  star  and  its  magnetic  bearing  are  both 
east  or  both  west,  their  difFerence  is  the  declina- 
tion, which  will  be  of  the  same  name  as  the  azi-  *^-  '**■ 


mntb  and  bearing,  if  the  azimnth  he  the  greater  "*  ?  ^  » 


of  the  two,  or  of  the  contrary  name  if  the  azi- 
mnth be  the  smaller. 

All  these  oases  are  presented  together  in  the 
figure,  in  which  F  is  the  north  pole,  Z  the  place 
of  the  observer,  Z  P  the  true  meridian,  S  the  star 
kt  its  greatest  eastern  elongation,  and  ZN,  ZK', 
ZN'  various  supposed  directions  of  the  needle. 

Gall  the  azimuth  of  the  star — i.  e.,  the  angle 
PZS— 8"ea8t. 

Suppose  the   needle  to  point  to  N,  and  the 
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bearing  of  the  star — i.  e.,  SZN — to  be  5°  west  of  magnetic  Dorth. 
The  declinstioQ  PZN  will  eridently  be  7°  east  of  true  north. 

Suppose  the  needle  to  point  to  N',  and  the  bearing  of  the  star 
— !.  e.,  N'ZS — to  be  IJ"  east  of  magnetic  north.  The  declination 
will  be  f  east  of  true  noriih,  and  of  the  same  name  as  the  azimnth, 
because  that  is  greater  than  the  bearing. 

Suppose  the  needle  to  point  to  N',  and  the  bearing  of  the  star 
— ^L  e.,  N'  Z  S — to  be  10°  east  of  magnetic  north.  The  declination 
will  be  8°  west  of  trae  north,  of  the  contrar;  name  to  the  azimnth, 
because  that  is  the  smaller  of  the  two.* 

It  the  star  were  on  the  other  side  of  the  pole,  the  mlee  wonld 
apply  likewise. 

870.  Other  Kathodi,  Uan;  other  methods  of  determining  the 
true  meridian  are  employed  ;  such  as  by  equal  altitudes  and  azi- 
muths of  the  sun,  or  of  a  star ;  by  one  azimnth,  knowing  the 
time ;  by  observations  of  circumpolar  stars  at  equal  times  before 
and  after  their  culmination,  or  before  and  after  their  greatest  elon- 
gation, etc. 

AH  these  methods,  however,  require  some  degree  of  astronomi- 
cal knowledge ;  and  those  which  have  been  explained  are  abun- 
dantly sufficient  for  all  the  purposes  of  the  ordinary  laud-surveyor, 

*'  Burt's  Solar  Compass "  is  an  instrument  by  which,  "  when 
adjusted  for  the  sun's  declination  and  the  latitude  of  the  place,  the 
azimuth  of  any  line  from  the  true  north  and  south  can  be  read  o^ 
and  the  difference  between  it  and  the  bearing  by  the  compass  will 
then  be  the  variation."     (See  Arts,  463  to  483.) 

271.  Magnetic  Dediuation  in  the  United  8tat«i.  The  declina- 
tion  in  any  part  of  the  United  States  can  be  approximately  ob- 
tained by  mere  inspection  of  the  map  at  the  beginning  of  this 
volume.!  Through  all  the  places  at  which  the  needle,  in  1890, 
pointed  to  the  true  north,  a  Hue  is  drawn  on  the  map,  and  called 

'  Algebrsirally,  klwuye  aubtract  tbe  bMring  from  the  ujmuth,  and  ^ve  tbe  re- 
nuinder  its  proper  resulting  algebraic  si|j^.  It  will  be  the  declination ;  eaM  if  jd'ui, 
and  ireat  if  miniu.  Thua,  tn  tbe  first  case  abare,  tbe  declination  :^  +  S"  —  ( —  6°) 
=  +  7°=  7°  east.  In  the  second  case,  the  declination  =  +  2°  — (+  4°)=  +  l°  =  l* 
east.     In  the  third  caae,  the  declination  ■=  +  2°  —  {+  10°)  =  —  S"  =  8*  west. 

t  Copied  from  "  Uoitcd  Staiea  Cooat  and  Geodetic  Surrer  Report,"  1889. 
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the  lUie  of  no  declination.  It  will  be  seen  to  pass  a  little  east  of 
Charleston,  South  Carolina,  thence  in  a  northwesterly  direction, 
passing  near  Columbne,  Ohio,  through  the  west  end  of  Lake  Erie, 
passing  near  Lansing,  Michigan,  and  np  through  the  east  end  of 
Lake  Superior.    This  line  is  now  slowl;  moTing  westward. 

At  all  places  situated  to  the  east  of  this  line  (including  the 
Now  England  States,  New  York,  New  Jersey,  Delaware,  Mary- 
land, Pennsylvania,  most  of  Virginia,  and  the  east  half  of  North 
Carolina  and  Ohio)  the  declination  is  westerly — i.  e.,  the  north  end 
of  the  needle  points  to  the  west  of  the  true  north.  At  all  places 
situated  to  the  west  of  this  line  (inolnding  the  Western  and  South- 
ern States)  the  declination  is  easterly — i.  e.,  the  north  end  of  the 
needle  points  to  the  east  of  the  true  north.  This  declination  in- 
sreasee  in  proportion  to  the  distance  of  the  place  on  either  side  of 
the  line  of  no  variation,  reaching  23°  of  easterly  declination  In 
Washingtou  Territory,  and  31°  of  westerly  declination  in  Maine. 

IsogonicB,  or  lines  of  equal  declination,  are  lines  drawn  through 
all  the  places  which  have  the  same  declination.  On  the  map  they 
are  drawn  for  each  degree.  All  the  places  situated  on  the  line 
marked  S%  east  or  west,  have  5°  declination  ;  those  on  the  10°  line 
have  10°  declination,  eto.  The  declination  at  the  intermediate 
places  can  be  approximately  estimated  by  the  eye.  These  lines  all 
refer  to  1885. 

The  sign  -{■  indicates  west  declination,  and  the  sign  —  indi- 
cates east  declination.  The  annual  change  in  the  sectilar  variation 
for  stations  is  given  in  minutes  and  decimals,  a  -f-  indicating  in- 
creasing west  declination  or  decreasing  east  declination,  and  a  — 
sign  indicating  increasing  east  and  decreasing  west  declination. 

872.  To  oorreot  KagnetiB  Bearing!.  The  declination  at  any 
place  and  time  being  known,  the  magnetic  bearings  taken  there 
and  then  may  be  reduced  to  their  true  bearings  by  these  rules  : 

KuLB  I.  When  the  declination  is  west,  as  it  is  in  the  North- 
eastern States,  the  true  bearing  will  be  the  sum  of  the  declination, 
and  n  bearing  which  is  north  and  west,  or  south  and  east ;  and  the 
difference  of  the  declination  and  a  bearing  which  is  north  and 
east,  or  south  and  west.     To  apply  this  to  the  cardinal  points,  s 
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aortb  bearing  must  be  called  N.  0° 
west,  an  east  bearing  N.  90°  E.,  a 
Bonth  bearing  S.  0°  E.,  and  a  west 
bearing  S,  90°  W.  ;  counting  aroand 
from  K'  to  N,  in  the  fignre,  and  bo 
onward,  "  with  the  snn." 

The  reasons  for  these  coirectionB 
are  apparent  from  the  figure,  in 
whioh  the  dotted  lines  and  the  ac- 
cented letters  represent  the  direction 
of  the  needle,  and  the  fall  lines  and  the  nnaccented  letters  repre- 
sent the  tme  north  and  Boath  and  east  and  west  lines. 

When  the  sam  of  the  declination  and  the  bearing  is  directed  to 
be  taken,  and  comes  to  more  than  90°,  the  sapplement  of  the  Eum 
is  to  be  taken,  and  the  first  letter  changed.  When  the  difference 
is  directed  to  be  taken,  and  the  declination  is  greater  than  the 
bearing,  the  last  letter  most  be  changed.  A  diagram  of  the  case 
will  remove  all  donbts.  Examples  of  all  these  cases  are  given  be- 
low for  a  declination  of  8°  west: 


K 


n^sNino 

TEim 

TBU» 

North. 

"*""*"■ 

"s.  ^8°"e';~ 

N.  e°  w. 

Soath. 

N.    I'E. 

N.  rw. 

8.     3°  W. 

8.   e°  E. 

N.  40°  E. 

N.  sa"  E. 

8.  60°  W. 

8.  62"  W. 

East. 

West. 

8.  B2°  W. 

8.  60°  E. 

S.  68°  E. 

N.  78°  W. 

a  89°  E. 

N.  68°  E. 

R  88°  W. 

8.  89=  W. 

n 


BuLE  S.  When  the  declination  ia 
east,  as  in  the  Western  and  Sonthem 
States,  the  preceding  directions  must 
be  exactly  reversed  — i.  e.,  the  true 
bearing  will  be  the  difference  of  the 
declination,  and  a  bearing  which  is 
north  and  west  or  south  and  east; 
and  the  stim  of  the  declination  and  a 
bearing  which  is  north  and  east  or 
south   and   west.      A.    north    bearing 
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must  be  called  N.  0°  E.,  a  west  bearing  N.  90°  W.,  a  Hoath  bear- 
ing S.  0°  W.,  and  ao  east  bearing  S.  90°  £.,  conuting  from  N' 
to  K,  and  bo  onward,  "against  theann."  The  reasona for  these 
rnles  are  seen  in  the  figure.  JSxamples  are  given  below  for  a 
declination  of  5°  E. : 


SAOHSTIC 

THi™ 

»*ai™iio 

„„ 

BUBUOB. 

BkAHiaaa. 

^^  South. 

BiiBixae. 

North. 

N.    O'E. 

8.     6°W. 

N.  40°  E. 

N.  AS-  E. 

S.  60°  W. 

B.  86°  W. 

N.  80°  E. 

N.  86'  E. 

8.  87°  W. 

N.  88°  W. 

East 

8.  88°  E. 

Wwt. 

N.  85°  W. 

S.     1°  E. 

S.     4"  W. 

N. 70°  W. 

K.  66°  W. 

8.  60°  E. 

8.  46°  E. 

N.    2°W. 

N.    8°E. 

873.  To  nrTey  a  Line  with  True  Beariugi.  The  compass 
may  be  set,  or  adjusted,  by  means  of  the  vernier,  according  to  the 
declination  in  any  place,  so  that  the  bearings  of  any  lines  then 
taken  with  it  will  be  their  true  bearings.  To  effect  this,  tam 
aside  the  compass-plate  by  means  of  the  tangent-screw  which 
moves  the  vernier  a  number  of  degrees  equal  to  the  declination, 
moving  the  south  end  of  the  compass-box  to  the  Tight  (the  north 
end  being  supposed  to  go  ahead)  if  the  declination  be  westerly, 
and  vice  versa;  for  that  moves  the  north  end  of  the  compass-box 
in  the  contrary  direction,  and  thus  makes  a  line  which  before  was 
N,  by  the  needle,  now  read,  as  it  should  truly,  north,  so  many 
degrees  west  if  the  declination  was  west;  and  similarly  in  the 
reverse  case. 


VaniaUoas  of  XngaeUc  DecUnaMon. 

871.  The  variations  of  the  declination  are  of  more  practical 
importance  than  its  absolute  amount.  The  four  kinds  of  most 
importance  are :  Irregular,  diurnal,  annual,  and  secular. 

876.  Irregular  Tariatlon.  The  needle  is  subject  to  sudden 
and  violent  changes,  which  have  no  known  law.  They  are  some- 
times   coincident   with   a   thunder-storm,  or   an   aurora   borealis 
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(daring  which  cbangeB  o(  nearly  1°  in  one  minute,  8^°  in  eight 
minntee,  and  10°  in  one  night,  have  been  obtjerred),  but  often 
have  no  apparent  canae,  except  an  otherwise  invisible  "  mag- 
oetic  storm." 

276.  Th«  Dtnnud  TuristicHL  On  cootinaing  observations  of 
the  direction  of  the  needle  throughout  an  entire  day,  it  will  be 
found,  in  the  uorthero  hemisphere,  that  the  north  end  of  the 
needle  moves  westward  from  about  8  a.  u.  till  about  1^  P.  M., 
over  an  arc  of  from  6'  to  15',  and  then  gradually  returns  to  its 
former  position.  A  similar  but  smaller  movement  takes  place 
daring  the  night.  At  Philadelphia,  the  most  easterly  deflection 
of  the  needle  is  at  about  8  a.  u.  The  north  end  of  the  needle 
then  begins  to  move  toward  the  west,  crossing  the  mean  mag- 
netic meridian  about  10^  a.  u.,  and  reacbisg  its  extreme  west- 
em  position  about  1^  P.  u.  The  total  angular  range  averages 
abont  8',  being  10^'  in  August,  and  6'  in  November."  The 
period  of  this  change  being  a  day,  it  is  called  the  Diurnal  Vari- 
ation. Its  effect  on  the  permanent  variation  is  necessarily  to 
'  cause  it,  in  places  where  it  is  west,  to  attain  its  maximum  at 
abont  1^  P.  H.,  and  its  minimum  at  about  8  a.  h.  ;  and  the 
reverse  where  the  declination  is  east. 

This  diurnal  variation  adds  a  new  element  to  the  Jnoconraoios 
of  the  compass,  since  the  bearings  of  any  line  taken  on  the  same 
day,  at  a  few  hours'  interval,  might  vary  a  quarter  of  a  degree, 
which  would  cause  a  deviation  of  the  end  of  the  line-,  amounting  to 
nearly  half  a  link  at  the  end  of  a  chain,  and  to  35  links,  or  33  feet, 
at  the  end  of  a  mile.  The  hour  of  the  day  at  which  any  important 
bearing  is  taken  should  therefore  be  noted. 

877.  The  Annnal  VoriatioiL  If  the  observations  be  continaed 
throughoQt  an  entire  year,  it  will  be  found  that  the  diurnal  changes 
vary  with  the  seasons,  being  greater  in  summer  than  in  winter. 
The  period  of  this  variation  being  a  year,  it  is  called  the  Annual 
Variation. 

*  For  Uhle  of  boarl;  Tiriation  of  the  dedinaUon,  see  **  Report  of  Doited  States 
Gout  and  Geodetic  Bnirer,"  1888. 
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87B.  Th«  Beeolar  TttristioiL  When  accarate  obseiratioiu 
on  the  deolination  of  the  needle  in  the  same  place  are  con- 
tinned  for  Bereral  years,  it  is  foand  that  there  is  a  continual 
and  tolerably  regolar  inorease  or  decrease  of  the  declination, 
oontiuning  to  proceed  in  the  same  direction  for  bo  long  a 
period,  that  it  ma;  be  called  the  Secular  Variation  of  the  decli- 
nation. 

The  most  ancient  obserrations  are  those  taken  in  Paris.  In  the 
year  1541  the  needle  pointed  7°  eaet  of  north  ;  in  1580  the  declina- 
tion had  increased  to  11^°  east,  being  its  maiimnm ;  the  needle 
then  began  to  move  westward,  and  in  1666  it  had  retomed  to  the 
meridian  ;  the  declination  then  became  west,  and  continued  to  in- 
orease till  in  1814  it  attained  its  maximnm,  being  2Z'  34'  west  of 
north.  It  is  now  decreasing.  January  1, 1879,  it  was  IS"  56'  west, 
and  it  is  now  about  16°  west 

In  this  conntry  the  north  end  of  the  needle  was  moving  east- 
ward at  the  earliest  recorded  observations,  and  continued  to  do  so 
till  about  the  year  1810  (varioualy  recorded  as  from  1766  to  1819), 
when  it  began  to  move  westward,  which  it  has  ever  since  contin- 
ued to  do.  Thus,  in  Boston,  from  1700  to  1800,  the  declination 
changed  from  10°  west  to  7°  west,  and,  from  1800  to  1895,  it 
changed  from  7"  west  to  12°  west. 

In  PfaUadelphia,  from  1701  to  1803,  the  declination  changed 
from  8°  30*  west  to  3°  west,  and,  from  1802  to  1690,  it  changed 
from  2°  west  to  7°  west. 

For  extensive  tables  of  the  declination  of  the  needle,  in  various 
parts  of  the  United  States,  see  "Eeport  of  the  United  States 
Coast  and  Geodetic  Survey,"  1888,  Appendix  VII.  The  secular 
variation  is  noted  on  the  declination-map  in  this  volume. 

An  examination  of  the  above-mentioned  tables  will  show  that 
the  secular  variation  often  differs  greatly  in  places  not  far  apart, 
and  that  it  varies  in  amount  at  the  same  place  from  year  to 
year. 

S78'.  Minor  Yariationi  in  DediutioiL  There  are  some  minor 
variations  in  the  declination  of  the  needle  which  depend  upon  the 
position  of  the  moon  and  ite  phases;  upon  the  revolution  of  the 
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Ban  on  its  axis;  iind  upon  the  Bun-gpot  cycle.  Those  Tariatiotia 
however,  need  not  be  taken  into  conBideration  for  compaaa  survey- 
ing. For  a  discussion  of  these,  see  Coast  and  Geodetic  Survey 
Beport,  1890,  Appendix  IX. 

Those  who  desire  to  investigate  the  variations  of  the  magoetio 
needle,  and,  in  general,  the  phenomena  of  terrestrial  magnetism, 
will  find  a  description  of  the  instruments  nsed  and  the  methods 
employed  in  the  Coast  and  Geodetic  Sarvey  Beport  for  1881,  Ap- 
pendix VIII. 

TABLE  OF  AtnrCAL  CHANOES  IK  DECUNATION. 


*j™c»l  cn«o«.                    1 

188S. 

1800. 

[8SB. 

+  1-3' 
+  8-6 
+8-7 
+  4-7 
+  8-2 
+  2'8 
+4-4 
+4*1 
+8-7 
+2-8 
+1-8 
-0-4 

+0-8- 
+3-2 
+3-8 
+  4-4 
+8-8 
+3-8 
+4'6 
+4-8 
+8-8 
+  8-1 
+2-5 
-02 

+  0-2' 
+  1-9 

+  8-8 
+  4-4 

+a-6 

+a-4 

+4-7 
+4-8 
+  3-7 
+8-4 
+8-3 
-O-l 

Philadelphia.  Pa 

ChiMgo,  III 

279.  DetermbuituHi  of  the  Change,  by  IntarpolatiOB.  To  de- 
termine the  change  at  any  place  and  for  any  interval  not  found  in 
the  recorded  observations,  an  approximation,  sufficient  for  most 
parpoees  of  the  surveyor,  may  be  obtained  by  interpolation  (by  a 
simple  proporiiion)  between  the  places  given  on  the  map,  assuming 
the  movements  to  have  been  uniform  between  the  given  dates,  and 
also  assuming  the  change  at  any  place  not  found  on  the  map  to 
have  been  intermediate  between  those  of  the  lines  of  equal  varia- 
tion, which  pass  through  the  places  of  recorded  observations  on 
each  side  of  it,  and  to  have  been  in  the  ratio  of  its  respective  dis- 
tances from  those  two  lines  ;  for  example,  taking  their  arithmetical 
mean,  if  the  required  place  is  midway  between  them  ;  if  it  be  twice 
OS  near  one  as  the  other,  dividing  the  sum  of  twice  the  change  of 
the  nearest  line,  and  once  the  change  of  the  other,  by  three ; 
and  so  in  other  cases — i.  e.,  giving  the  change  at  each  place,  a 
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"weight"  inversely  as  ita  distance  from  the  place  at  which  tba 
change  is  to  be  found. 

280.  Beterminatioa  of  the  Change  by  Old  Lines.  When  the 
former  l)eariDg  of  any  old  line,  snch  as  a  farm-fence,  etc.,  is  re- 
corded, the  change  in  the  declination  from  the  date  of  the  original 
observation  to  the  present  time  oan  be  at  once  found  by  Betting  the 
oompasG  at  one  end  of  the  line  and  Bightiug  to  the  other.  The 
difference  of  the  two  bearings  is  the  required  change. 

If  one  end  of  the  old  line  can  not  be  seen  from  the  other,  as  is 
often  the  case  when  the  line  is  fixed  only  by  a  "  corner  "  at  each 
end  of  it,  proceed  thus  :  Run  a  line  from  one  comer  with  the  old 
bearing  and  with  its  distance.  Measnre  the  distance  from  the  end 
of  Oiis  line  to  the  other  comer,  to  which  it  will  be  opposite.  Mnl- 
tiply  this  distance  by  57*3,  and  divide  by  the  length  of  the  line. 
The  qnotient  will  be  the  change  of  variation  in  degrees.* 

For  example,  a  line  63  chains  long,  in  1827  had  a  bearing  of 

north  1°  east.     In  1847  a  trial  line  was  run  from  one  end  of  the 

former  line  with  the  same  bearing  and  distance,  and  its  other  end 

was  found  to  be  1S5  links  to  the  west  of  the  true  comer.     The 

1  '26  X  57 '3 
change  of  declination  was  therefore  cq~~      =1'137°  =  1°  8' 

westerly. 

281.  Efieots  of  the  Beoular  Changs.  These  are  exceedingly  im- 
portant in  the  reearvey  of  farms  by  the  bearings  recorded  in  old 
deeds.  Let  S  K  denote  the  direction  of  the  needle  at  the  time  of 
the  original  survey,  and  S'  W  its  direction  at  the  time  of  the  re- 
survey,  a  number  of  years  later.     Suppose  the  change  to  have  been 

■  Let  A  B  be   the  origiaftl  line ;   A  C  the  triil 

Vi*.  IM.  line,  and  B  C  the  distance  between  tb«ir  eitremities. 

/  A  B  and  A  C  may  be  regarded  at  radii  of  a  drcle 

and  B  C  as  a  chord  of  the  arc  whidi  eabtende  their 

angle.     ABsuming  the  chord  and  arc  to  coincide 

(which  they  will,  ntarlj,  for  small  angles),  we  bare 

r      this  proportion :   Whole  circumference  :  krc  B  C  : : 

860°  :  BAG  :  or,  a  X  AC  X  SUIS;  BC:8eO*! 

X  ET-8 ;  or,  more  preciwlj,  bf -SSBTS. 
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8°,  the  Deedle  pointing  so  much  Fio  u«, 

£artfaer    to    the  west    of    north. 

The  line  S  N,  which  before  was 

dne  north  and  sonth  by  the  nee- 
dle, will  DOW  bear  N.  3°  E.  and 

a  3°  W.  ;   the  line  A  B,  which 

before  was  N.  40"  E.  will  now 

bear  N.  43"  E.  ;  the  line  D  P, 

which  before  was  N.  40'  W.,  will 

now  bear  N.  37°  W.,  and  the  line 

W  E,  which  before  was  due  eaet 

and  west,  will  now  bear  S.  87°  E. 

and  N.  87°  W.     Any  line  ie  eim- 

ilarlr  changed.      The  proof  of  thin  is  apparent  on  inspecting  the 

figure. 

Soppoee,  now,  that  ^  snrrejor,  ignorant  or  neglectful  of  this 

change,  ehonld  attempt  to  run  ont  a  farm  by  the  old  bearings  of 

the  deed,  none  of  the  old  fences  or  comers  remuning.  The  fall 
lines  in  the  figure  represent  the 
original  bonnds  of  the  farm,  and 
the  dotted  lines  those  of  the  nem 
piece  of  land  which,  starting  from 
A,  be  would  nnwittingly  ran  oat. 
It  would  be  of  the  same  size  and 
the  same  shape  as  the  true  one, 
bat  it  would  be  in  the  wrong  place. 
None  of  its  lines  wonld  agree  with 
the  true  ones,  and  in  some  places 
it  would  encroach  on  one  neighbor, 
and  in  other  places  would  leave  a 
gore,  which  belongs  to  it,  between  it- 
self and  another  neighbor.  Yet  this 
is  often  done,  and  is  the  source  of  a 

great  part  of  the  litigation  among  farmers  respecting  their  "  lines." 

888.  To  run  out  Old  Lines.     To  succeed  in  retracing  old  line^ 
proper  allowance  most  be  made  for  the  change  in  the  Tanation 
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sinoe  the  date  of  the  original  sarrey.  That  date  nmet  fiist  be  ao> 
cnratelj  ascertained ;  for  the  survey  maj  be  nmch  older  than  the 
deed,  into  which  its  bearings  may  have  been  copied  from  an  older 
one.  The  amonat  and  direction  of  the  change  is  then  to  be  ascer- 
tained by  the  methods  of  Art  279  or  280.  The  bearings  may  then 
be  corrected  by  the  following  Bulbs  : 

When  the  north  end  of  the  needle  has  been  moving  westerly, 
the  present  bearings  will  be  the  tumsot  the  change  and  the  old 
bearings  which  were  northeasterly  or  southwesterly,  and  the  differ- 
ences  of  the  change  and  the  old  bearings  which  were  northwesterly 
or  southeasterly. 

If  the  change  has  been  easterly,  reveree  the  preceding  mlee, 
subtracting  where  it  is  directed  to  add,  and  adding  where  it  is 
directed  to  snbtract. 

Bun  out  the  lines  with  the  bearings  thus  corrected. 

It  will  be  noticed  that  the  process  is  precisely  the  reverse  of 
that  in  Art.  272.  The  rules,  there  given  in  more  detail,  may  there- 
fore be  used  :  Edle  1.  "  When  the  declination  is  west,"  being  em- 
ployed when  the  change  has  been  a  movement  of  the  N.  end  of  the 
needle  to  the  east ;  and  Bule  2,  "  when  the  declination  is  east," 
being  employed  when  the  K.  end  of  the  needle  has  been  moving  to 
the  west 

If  the  compass  has  a  vernier,  it  can  be  set  for  the  change,  once 
tor  all,  precisely  as  directed  in  Art.  273,  and  then  the  courses  can 
he  run  out  as  given  in  the  deed,  the  correction  being  made  by  the 
instrument 

Bzamplfi.  The  following  is  a  remarkable  case  which  came  be- 
fore the  Supreme  Court  of  New  York :  The  north  line  of  a  large 
estate  was  fixed  by  a  royal  grant,  dated  in  1704,  as  a  due  east  and 
west  line.  It  was  run  oat-  in  1715,  by  a  surveyor,  whom  we  will 
call  Mr.  A.  It  was  again  surveyed  in  1766,  by  Mr.  B.,  who  ran  a 
course  N.  87°  30'  B.  It  was  run  out  for  a  third  time  in  1789,  by 
Mr.  0.,  who  adopted  the  course  N.  86°  18'  E.  In  1845  it  was  sur- 
veyed for  the  fourth  time  by  Mr.  D. ,  with  a  course  of  N".  88°  SO'  £. 
He  found  old  "  cornerH,"  and  "  blazes  "  of  a  former  survey,  on  his 
line.     They  are  also  foand  on  another  line,  south  of  his.    Wbioh 
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of  the  preceding  courees  were  correct,  and  where  does  the  true 
line  lie  ? 

The  qnestion  waa  inTestigated  as  follows :  There  were  no  old 
records  of  variation  at  the  precise  locality,  bat  it  lies  betweea  the 
linos  of  equal  variation  which  pass  through  New  York  and  Boston, 
its  distance  from  the  Boston  line  being  about  twice  its  distance 
from  the  Kew  York  line.  The  records  of  those  two  cities  (re- 
ferred to  in  Art  S78)  could  therefore  be  used  in  the  maimer  ex- 
plained in  Art.  279.  For  the  later  dates,  obserratiouB  at  New 
Haven  could  servo  as  a  check.  Combining  all  these,  the  author 
inferred  the  variation  at  the  desired  place  to  have  been  as  fol- 
lows : 

In  1715,  variation  8°  02'  west. 

In  1766,        "       5"  32'    "  Decrease  since  1716, 2°  80'. 

In  1789,         "        6"  05'     "  Decrease  since  1766,  0°  27', 

In  1846,         "        7°  23'     "  Increase  since  1789,  2°  18'. 

We  are  now  prepared  to  examine  the  correctness  of  the  allowance* 
made  bj  the  old  surveyors. 

The  course  run  by  Mr.  B.  in  1765,  N.  87°  30'  B.,  made  an 
allowance  of  2°  30'  as  the  decrease  of  variation,  agreeing  precisely 
with  oar  calculation.  The  course  of  Mr.  C.  in  1789,  N.  86'  18'  R, 
allowed  a  change  of  1°  12',  which  was  wrong  by  our  calculation, 
which  gives  only  about  27',  and  was  deduced  from  three  different 
records.  Mr.  D.,  in  1845,  ran  a  course  of  N.  88°  30' E.,  calling 
the  increase  of  variation  since  1789,  2°  12'.  Our  estimate  was  2° 
18',  the  difference  being  comparatively  small.  Our  conclusion, 
then,  is  this :  The  second  surveyor  retraced  correctly  the  line  of 
the  first;  the  third  surveyor  ran  out  anew  and  incorrect  line; 
and  the  fourth  surveyor  correctly  retraced  the  line  of  the  third, 
and  found  his  marks,  but  this  line  was  wrong  originally,  and 
therefore  wrong  now.  AH  the  surveyors  ran  their  lines  on  the 
sapposition  that  the  original  "due  east  and  west  line"  meant 
east  and  west  as  the  needle  pointed  at  the  time  of  the  original 
survey. 

The  preponderance  of  the  testimony  as  to  old  landmarks  agreed 
with  the  results  of  the  above  reasoning,  and  the  decision  of  the 
ooort  was  in  accordance  therewith. 
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S         la  the  figure  belov,  the  horizootal  and    vertical  lines 
represeot  true  east  and  north  lines  ;  and  the  two  upper  liaee 
ranning  from  left  to  right  represent  the  two  lines  set  out  by 
the    enirey. 


2S3.  Bemedy  f6r  the  Xrila  of  the  SeonUr  Change.  The  only 
complete  remedy  for  the  diepates,  and  the  oucertainty  of  bounds, 
resulting  from  the  continued  change  in  the  declination,  is  this : 
Ijet  a  meridian — i.  e.,  a  true  north  and  south  line — be  established 
in  eyery  town  or  conuty,  by  the  authority  of  the  State  ;  monu- 
ments, such  as  stones,  set  deep  in  the  ground,  being  placed  at  each 
end  of  it.  Let  every  surveyor  be  obliged  by  law  to  test  his  com- 
pass by  this  line,  at  least  once  in  each  year,  at  a  given  hoar  in  the 
day.  This  he  could  do  as  easily  as  in  taking  the  bearing  of  a  fence, 
by  setting  his  instrument  on  one  monnment,  and  sighting  to  a  staff 
held  on  the  other.  Let  the  variation  thus  ascertained  be  inserted 
in  the  notes  of  the  survey,  and  recorded  in  the  deed.  Another 
surveyor,  years  or  centuries  afterward,  could  teat  his  compass  by 
taking  the  bearing  of  the  same  monuments,  and  the  difference  be- 
tween this  and  the  former  hearing  would  be  the  change  of  decli- 
nation. He  could  thus  determine  with  entire  certainty  the  proper 
allowance  to  be  made  (na  in  Art.  282)  in  order  to  retrace  the  origi- 
nal line,  no  matter  how  much,  or  how  irregularly,  the  declination 
may  huvo  changed,  or  how  badly  adjusted  was  the  compass  of  the 
original  survey.  Any  permanent  line  employed  in  the  same  man- 
ner as  the  meridian  line  would  answer  the  same  purpose,  though 
less  conveniently,  and  every  surveyor  should  hare  such  a  line,  at 
least  for  his  own  use.* 

*  Thifl  remed;  secma  to  bitve  been  flriit  suggested  b;  Sittenhouse.  It  has  Bince 
belli  recommended  br  T.  Sonvitb,  in  1822  ;  bf  £.  F.  Johosoii,  in  1831,  ind  b^W. 
Roberts,  of  Ttot,  in  1839.  The  erroraof  resun-cyg,  in  which  the  change  is  n^lected, 
were  noticed  in  the  "  Philosophical  TraniactionEt,"  an  long  ago  as  ISTB.  On  magnetia 
declination,  sec  the  following  "  Reports  of  the  United  States  Coaat  and  Geodetic  Sup- 
vev":   1881,  1882,  IB 88,  and  1800. 
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TRANSTT-SURVETIfra — BT  THE  TBIRD  MSTBOB. 
THE  INBTBUICEITTS. 
284.  Thk  Tbansit  is  a  Goniometer,  or  Aogle-Ueasarer.  It 
ooQBiBte,  essentially,  of  a  circalar  plate  of  metal,  supported  in  snch 
a  manner  as  to  be  horizontal,  and  divided  on  its  outer  circumfer- 
ence into  degrees  and  parte  of  degrees.  Through  the  center  of 
this  plate  passes  an  upright  axis,  and  on  it  is  fixed  s  second  circn- 
lar  plate,  which  nearly  touches  the  first  plate,  and  can  turn  freely 
around  to  the  right  and  to  the  left.  This  second  plate  carries  a 
telescope,  which  rests  on  upright  standards  firmly  fixed  to  the 
plate,  and  which  can  be  pointed  upward  and  downward.  By  the 
combination  of  this  motion  and  that  of  the  second  p]at«  around 
its  axis,  the  telescope  can  be  directed  to  any  object.  The  second 
plate  has  some  mark  on  its  edge,  snch  as  an  arrow-head,  which 
serves  as  a  pointer  or  index  for  the  divided  circle,  like  the  hand  of 
a  clock.  When  the  telescope  is  directed  to  one  object,  and  then 
tamed  to  the  right  or  to  the  left,  to  some  other  object,  this  index 
which  moves  with  it,  and  passes  around  the  divided  edge  of  the 
other  plate,  points  out  the  arc  passed  over  by  this  change  of  direc- 
tion, and  thus  measures  the  horizontal  angle  made  by  the  lines 
imagined  to  pass  from  the  center  of  the  instrument  to  the  two 
objects. 

The  great  value  of  this  instrument,  and  the  accuracy  of  its 
measurements  of  angles,  are  due  chiefly  to  two  things  :  to  the  iele- 
scope  with  its  cross-hairs,  by  which  great  precision  in  sighting  to  a 
point  is  obtainpd  ;  and  to  the  vernier  scale,  which  enables  minute 
portions  of  any  arc  to  be  read  with   ease  and  correctness.     The 
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former  assists  the  eye  in  directing  the  line  of  sight.,  and  the  latter 
aids  it  in  reading  off  the  reenlts.    Arrangemente  tor  giring  slow 


and  steady  motion  to  the  moTable  parts  of  the  instrnment  add  to 
the  Talne  of  the  above.     A  contrivance  for  repeating  the  obeerra- 
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tion  of  angles  still  further  lessens  the  anaToidable  inaocaTacies  of 
these  observatioQB. 

286.  The  Snrreyor's  Tnuuit  (Fig.  199).  In  this  instmment 
the  telescope  takes  the  place  of  the  plain  sights  of  the  smreyor's 
compass,  and  the  angles  are  read  on  the  gradaated  limb  to  single 
minntes  by  the  vernier. 

A  level  ia  attached  to  the  telescope,  and  a  vertical  circle  is 
attached  to  the  telescope-axis  inside  of  the  left-hand  standard. 
The  vertical  angles  tfaroogh  which  the  telescope  is  moved  may  be 
read  off  from  the  vernier  attached  to  the  left-hand  standard,  and 
shown  below  the  vertical  circle.  The  slow-motion  screw  for  the 
vertical  circle  is  shown  attached  to  the  right-hand  standard.  The 
clamp  for  the  axis  is  hidden  by  the  telescope.  The  standards  npon 
which  the  teleacope-axis  rests  are  fastened  to  the  upper  plate  (the 
vernier-plate).  This  plate  also  carries  the  compass-circle.  The 
compass-circle  with  its  accessories  is  similar  to  that  already  ex- 
plained in  the  Surveyor's  Compass.  The  compass-circle  can  be 
turned  on  its  center,  so  that  the  declination  of  the  needle  can  be 
set  off,  and  lines  can  be  mn  with  their  tme  bearings.  The  vernier- 
plate  covers  the  lower  plate  (the  divided  limh),  so  that  only  two 
short  arcs  of  the  divided  limb  are  seen  throngh  openings  where  the 
verniers  are  placed.  The  screw  which  clamps  the  vernier-plate  to 
the  divided  limb  is  shown  on  the  right  of  the  plate,  together  with 
the  slow-motion  screw.  The  lower  clamp  and  the  alow-motioa 
screw  are  attached  to  the  npper  parallel  plate. 

266.  As  the  valne  of  this  instmment  depends  greatly  on  the 
accurate  fitting  and  bearings  of  the  two  concentric  vertical  az^, 
and  as  their  connection  ought  to  be  thoroughly  nnderetood,  a 
vertical  section  throngh  the  body  of  the  instrnment  is  given  in 
Pig.  300. 

The  npper  plate,  or  vernier-plate.  A,  A,  carries  the  verniers, 
oompass-box,  and  telescope.  It  is  attached  to  ita  socket  by  the 
flange,  K.  This  socket  is  fitted  to  the  outside,  conical  surface 
of  the  main  socket,  C.  The  main  socket,  to  which  is  attached 
the  divided  limb,  B,  B,  is  fitted  to  the  conical  spindle  H,  and  held 
» 
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on  the  spindle  by  the  spring-catch  S.    A  screw  holds  the  coni- 
cal center,  irhose  upper  flange  keeps  the  sockets  of  the  two  plates 


together.  The  clamp  is  at  F.  Two  of  the  four  leveling  screws 
are  shown  in  section.  The  spindle,  H,  passes  throngh  the  apper 
parallel  plate,  and  is  attached  to  a  movable  section  of  the  lower 
parallel  plate  by  a  ball-and-socket  joint.  The  leTeling  eorews 
pass  throngh  tlie  upper  parallel  plate,  and  rest  in  caps  on  the 
lower  parallel  plate.  As  the  leveling  screws  are  movable  on  the 
lower  parallel  plate,  the  movable  section  of  this  plate  enablos 
the  upper  part  of  the  in^tmnient  to  be  moved  from  side  to  side, 
so  as  to  bring  the  center  of  the  itistmment  precisely  over  any 
desired  point.  This  arrangement  is  called  a  "shifting  center." 
At  the  lower  end  of  the  spindle  is  a  loop,  P,  from  which  the 
plomb-bob  is  suspended. 

287.  Hie  Teletoope.  This  is  a  combination  of  lenses,  placed  in 
a  tnbe,  and  so  arranged,  in  accordance  with  the  laws  of  optical 
science,  that  an  image  of  any  object  to  which  the  telescope  may  be 
directed,  is  formed  within  the  tube  (by  the  rays  of  light  coming 
from  the  object  and  bent  in  passing  through  the  object-glass),  and 
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there  magnified  by  an  eye-glaas,  or  e;e-piece,  composed  of  Beveral 
lenaes.     The  arrangement  of  these  lenses  is  very  vari- 
ooa.      Those  two  combinations,  which   are  preferred 
for  gorveying  instruments,  will  be  here  explained  : 

Fig.  301  represents  a  telescope  which  inTerta  ob- 
jects. Any  object  is  rendered  visible  by  e^ery  point 
of  it  sending  forth  raya  of  light  in  every  direction. 
In  thia  figure  the  highest  and  lowest  points  of  the 
object,  which  here  is  an  arrow,  A,  are  alone  coneid- 
ered.  Those  of  the  rajs  proceeding  from  them,  which 
meet  the  object-glaaa,  0,  form  a  cone.  The  center 
line  of  each  cone,  and  its  extreme  upper  and  lower 
lines,  are  alone  shown  in  the  figure.  It  will  be  seen 
that  these  rays,  after  paeaing  through  the  object-glass, 
are  refracted  or  bent  by  it,  so  as  to  cross  one  another, 
and  thas  to  form  at  B  an  inverted  image  of  the  object. 
This  would  be  rendered  visible,  if  a  piece  of  ground- 
glass,  or  other  semi-transparent  substance,  were  placed 
at  the  point  B,  which  is  called  the/octfa  of  the  objects 
glass.  The  rays  which  form  this  image  continue  on- 
ward and  pass  through  the  two  lenses  C  and  D,  which 
act  like  one  magnifying-glase,  so  that  the  rays,  after 
being  refracted  by  them,  enter  the  eye  at  such  angles 
as  to  form  there  a  magnified  and  inverted  image  of 
the  object.  Thia  combination  of  the  two  plano-convex- 
lenses,  0  and  D,  is  known  as  "  Ramsden's  Eye-piece." 

This  telescope,  inverting  objects,  shows  them  up- 
side down,  and  the  right  side  on  the  left.  They  can 
be  shown  erect  by  adding  one  or  two  more  lenses,  as 
in  the  marginal  figure.  But  as  these  lenses  absorb 
light  and  lessen  the  distinctness  of  vision,  the  former 
arrangement  ia  sometimes  preferred.  A  little  practice 
makea  it  equally  convenient  for  the  observer,  who 
soon  becomes  accustomed  to  seeing  his  flagmen  stand- 
ing on  their  heads,  and  soon  learns  to  motion  them 
to  the  right  when  he  wishes  them  to  go  to  the  left, 
and  vice  versa. 


^dbvGoo^^lc 


190  LAND-SUR  VE7IS0. 

¥m.  «».  Fig.  302  ropresents  a  telescope  which  shows  objects 

erect  Its  eye-piece  has  fonr  lenBee.  The  eye-piece  of 
the  common  terreBtrial  telescope,  or  spy-glass,  has 
three.  Maoy  other  combinations  may  be  used,  all 
intended  to  show  the  object  achromatically,  or  free 
from  false  coloring,  but  the  ooe  here  shown  is  tbat 
moat  generally  preferred  at  the  present  day.  It  will 
be  seeD  that  an  inverted  image  of  the  object  A  is 
formed  at  B,  as  before,  but  that  the  rays  continuing 
onward  are  so  refracted  in  passing  through  the  leas  0 
as  to  again  cross,  and  thus,  after  further  refraction  by 
the  lenses  D  and  E,  to  form,  at  F,  an  erect  image, 
which  is  magnified  by  the  lens  G. 

In  both  these  figures,  the  limits  of  the  page  render 
it  necessary  to  draw  the  angles  of  the  rays  very  mueit 
ont  of  proportion. 

268.  Crou-Hain,  Since  a  considerable  field  of  view 
is  seen  in  looking  through  the  telescope,  it  is  necessary 
to  provide  means  for  directing  the  line  of  sight  to  the 
precise  point  which  is  to  be  observed.  This  could  be 
effected  by  placing  a  very  fine  point,  snch  as  that  of 
a  needle,  within  the  telescope,  at  some  place  where  it 
conld  be  distinctly  seen.  In  practice,  this  fine  point 
is  obtained  by  the  intersection  of  two  very  fine  lines, 
placed  in  the  common  focuH  of  the  object-glass  and 
of  the  eye-piece.  Tfaese  lines  are  called  the  cross- 
hairs, or  erosB-wires.  Their  intersection  can  be  ccen 
through  the  eye-piece,  at  the  same  time,  and  appar- 
ently at  the  same  place,  as  the  image  of  the  distant 
object.  The  magnifying  powers  of  the  eye-piece  will 
then  detect  the  slightest  deviation  from  perfect  coin- 
cidence. "This  application  of  the  telescope  may  be 
considered  as  completely  annihilating  that  part  of  the 
error  of  observation  which  might  otherwise  arise  from 
an  erroneons  estimation  of  the  direction  in  which  an 
object  lies  from  the  observer's  eye,  or  from  the  center  of  the  in- 
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■trament.  It  is,  in  fact,  the  grand  source  ot  all  the  precision  of 
modern  astronomy,  without  which  all  other  refinements  in  in- 
stmmental  workmanship  would  be  thrown  away."  What  Sir 
John  Uerscbel  here  says  of  its  utility  to  astronomy  is  equally  ap- 
plicable to  surveying. 

The  imaginary  line  wliich  [tasses  through  the  intersection  of  the 
crosa-haire  and  the  optical  center  of  the  object-glass  is  called  the 
line  of  collimation  of  the  telescope.* 

The  cross-hairs  are  attached  to  a  ring,  or  short,  thick  tube  of 
brass,    placed    within   the 
telescope  -  tube,     through  *^*-  ""■ 

holes  in  which  pass  loose- 
ly four  screws,  whose 
threads  enter  and  take 
hold  of  the  ring,  behind 
or  in  front  of  the  cross- 
hairs, as  shown  (in  front 
Tiew  and  in  section)  in  the 
two  figures  in  the  margin. 
Their   movements  will  be  _ 

explfuned    in    "  Adjdst- 

ItEKTS." 

Usaally,  one  cross-hair  is  horizontal,  and  the  other  vertical,  as 

.    in  Fig.  303,  but  sometimes  they  are  arranged  as  in 

Fi8.  !06,  Pig.  205,  which  is  thought  to  enable  the  object  to 

be  bisected   with  more   precision.     A  horizontal 

hair  is  sometimes  added. 

The  cross-hairs  are  best  made  of  platinum  wire, 
drawn  out  very  fine  by  being  previously  inclosed 
in  a  larger  wire  of  silver,  and  the  silver  then  re- 
moved by  nitric  acid.  Silk  threads  from  a  cocoon  are  sometimes 
used.  Spiders'  threads  are,  however,  the  most  usual.  If  a  cross- 
hair is  broken,  the  ring  must  be  taken  out  by  removing  two  op- 
posite screws,  and  inserting  a  wire  with  a  screw  cut  on  its  end, 
or  a  stick  of  suitable  size,  into  one  of  the  holes  thus  left  open 

*  From  the  LntlD  vonl  toaimo,  or  mlliaeo,  meuiing  to  direct  one  Ihtng  tovmrd 
HHlbei  tn  •  atmight  line,  or  to  um  at.     The  line  Qfaim  would  exprege  the  meaniiiK. 
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in  the  ring,  it  being  tnrued  sidewiBe  for  that  pnrpose,  and  then 
removing  the  other  screws.  The  spiders'  threads  are  then  stretched 
acroBB  the  notches  seen  in  the  end  of  the  ring,  and  are  fastened  by 
gam,  or  ramisfa,  or  beeswax.  The  operation  is  a  very  delicate  one. 
The  following  plan  has  been  employed  :  A 
'l"'',f^  P'^^ie  of  wire  is  bent,  as  in  the  figure,  bo 

W"Ts\  [vV\/\/VI  M  to  leave  an  opening  a  little  wider  than 
the  ring  of  the  croas-hairs.  A  cobweb  is 
chosen,  at  the  end  of  which  a  spider  is 
hanging,  and  it  is  wound  around  the  bent 
wire,  as  in  the  figure,  the  weight  of  the  insect  keeping  it  tight 
and  stretching  it  ready  for  use,  each  part  being  made  fast  by 
gnm,  etc.  When  a  cross-hair  is  wanted,  one  of  these  is  laid 
across  the  ring  and  there  attached.  One  method  is  to  draw  the 
thread  oat  of  the  spider,  persuading  him  to  spin,  if  he  snlks,  by 
tossing  him  from  hand  to  hand.  Another  method  is  to  unwind 
the  spider-web  from  the  cocoons,  frequently  to  be  found  in  spider- 
webs.  A  stock  of  such  threads  must  be  obtained  in  warm 
weather  for  the  winter's  wantB.  A  piece  of  thin  glass,  with  a 
horizontal  and  a  vertical  tine  etched  on  it,  may  be  made  a  sub- 
stitute. 

289.  Inttmmental  Parallax.  This  is  an  apparent  movement 
of  the  cross-hairs  about  the  object  to  which  the  line  of  eight  is 
directed,  tailing  place  on  any  slight  movement  of  the  eye  of  the 
observer.  It  is  caused  by  the  image  and  the  cross-hurs  not  being 
precisely  in  the  common  focus,  or  point  of  distinct  vision  of  the 
eye-piece  and  the  object-glass.  To  correct  it,  move  the  eye-piece 
ont  or  in  till  the  cross-hairs  are  seen  clearly  and  sharply  defined 
against  any  white  object  Then  move  the  object-glass  in  or  ont 
till  the  object  is  also  distinctly  seen.  The  cross-hairs  will  then 
seem  to  be  fixed  to  the  object,  and  no  movement  of  the  eye  vrill 
oanse  them  to  appear  to  change  their  place. 

890.  A  milled-headed  screw  (on  the  farther  side  of  the  tele 
scope,  and  not  shown  in  the  fignre)  passes  into  the  telescope, 
and  has  a  pinion  at  its  other  end  entering  a  toothed  rack  (Fig. 
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307),  and  is  naed  to  move  the  object-glass,  0,  out  ^^  _. 

and   in,   according   as   the   object   looked  at    is      

nearer  or  tarther  than  the  one  last  observed,     ^wv^^^ 
Short  distances  require  a  long  tabe ;  long  dis-  ^t^r 

tances  a  short  tnbe. 

The  eye-piece  is  moved  in  and  out  by  a  similar  arrangement 
to  the  preceding.  This  movement  is  necessary  in  order  to  obtain 
a  distinct  view  of  the  cross-bairs.  Short-sighted  persons  require 
the  eye-piece  to  be  pushed  further  in  than  persons  of  ordinary 
sight,  and  old  or  long-sighted  persona  to  have  it  drawn  far- 
ther oat 

29L  fiapportc  The  telescope  of  the  transit  is  supported  by  a 
hollow  axis  at  right  angles  to  it,  which  itself  rests,  at  each  end,  on 
two  upright  pieces,  or  standards,  spreading  at  their  bases  so  as  to 
increase  their  stability. 

One  end  of  the  axis  rests  upon  a  movable  block,  which  can  be 
raised  or  lowered  by  a  capstan-screw.  The  use  of  this  will  be 
■hown  in  "  Adjcbthbhts." 

888.  Tha  bdezea.  The  supports,  or  standards,  of  the  telescope 
jnst  described  are  attached  to  the  upper  or  index-carrying  circle. 
This,  as  has  been  stated,  can  turn  freely  on  the  lower  or  gradoated 
circle,  by  means  of  its  conical  axis  moving  in  the  hollow  conical 
axis  of  the  latter  circle.  This  upper  circle  carries  the  index,  Y, 
^^  ^^  which  is  an  arrow-bead  or  other  mark 

On  its  edge,  or  the  zero-point  of  a  ver- 
nier scale.  There  are  usually  two  of 
these,  situated  exactly  opposite  to  each 
other,  or  at  the  extremities  of  a  di- 
ameter of  the  upper  circle,  so  that 
the  readings  on  the  graduated  circle 
pointed  ont  by  them  differ,  if  both 
are  correct,  exactly  180".  The  object 
of  this  arrangement  is  to  correct  any 
error  of  eccentricity,  arising  from  the  center  of  the  axis  which 
carries  the  upper  circle  (and  with  which  it  and  its  index-pointers 
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turn),  not  being  preciael;  in  the  center  ot  the  graduated  circle.  In 
the  figure,  let  C  be  the  true  center  of  the  gradnated  circle,  bat  C 
the  center  on  which  the  plate  oarrjing  the  indezee  turns.  Let 
A  C  B  represent  the  direction  of  a  eight  taken  to  one  object, 
imd  D'  C  E'  the  direction  when  turned  to  a  second  object.  The 
angle  enbtended  by  the  two  objects  at  the  center  of  the  instru- 
ment  is  required.  Let  D  E  be  a  line  passing  through  C,  and 
parallel  to  D'  E'.  The  aagle  A  0  D  equals  the  required  angle, 
which  is  therefore  tnily  measured  by  the  arc  A  D  or  B  K  But 
if  the  arc  shown  by  the  index  is  read,  it  will  be  A  D'  on  one 
side,  and  B  E'  on  the  other  ;  the  first  being  too  small  by  the  arc 
D  D',  and  the  other  too  large  by  the  eqoal  arc  E  E'.  If,  how- 
ever, the  haU-Bum  of  the  two  arcs  A  D'  and  B  £'  be  taken,  it 
will  equal  the  true  arc,  and  therefore  correctly  measure  the  an- 
gle. Thus,  if  AD'  was  19°,  and  BE'  21°,  their  half-sum,  80°, 
would  be  the  correct  angle. 

Three  indesee,  120°  apart,  are  sometimes  used.  The;  haye  the 
advantage  of  averaging  the  unaToidable  inaccuracies  and  inequali- 
ties of  graduation  on  different  parts  of  the  limb,  and  thus  dimin- 
ishing their  effect  on  the  resulting  angle. 

393.  The  Oraduated  Ciicl«.  This  is  divided  into  three  hun- 
dred and  sixty  equal  parts,  or  degrees,  and  each  of  these  is  sub- 
divided into  two  or  three  parts  or  more,  according  to  the  size  of  the 
instrument.  In  the  first  case,  the  smallest  division  on  the  circle 
will  of  course  be  30' ;  in  the  second  case  20'.  More  precise  read- 
ing, to  single  minutes  or  even  less,  iseffeoted  by  means  of  the  ver- 
nier of  the  index,  all  the  varieties  of  which  will  be  fully  explained 
nnder  "Vbbnibbs."  The  numbers  run  from  0°  around  to  360°, 
which  number  is  necessarily  at  the  same  point  as  the  0,  or  iwo- 
point.  In  most  instruments  there  is  another  concentric  circle,  on 
which  the  degrees  are  also  numbered  from  0°  to  90°,  as  on  the  com- 
paas-circle.  Each  tenth  degree  is  uBut^Iy  numbered,  each  fifth 
degree  is  distinguished  by  a  longer  line  of  division,  and  each  de- 
gree-division line  is  longer  than  those  of  the  subdivisions.  A  mag- 
nitying-glass  is  needed  for  reading  the  divisions  with  ease.  In 
luge  instmments  it  is  attached  to  each  vernier. 


^dbvGoO^^lc 


THE  mSTRUMESTS.  195 

8M,  Konmenti.  When  tLe  line  of  sight  of  the  taleaoope  ie 
directed  to  a  distant,  well-deSned  point,  the  nnaided  hand  of  the 
observer  can  not  move  it  irith  sufficient  delicacy  and  precision  to 
make  the  intersection  of  the  cioss-hairs  exactly  corer  or  "  bisect " 
that  point.  To  effect  this,  a  olamp,  and  a  tangent,  or  slow-motion, 
screw  are  required.  This  arrangement,  as  nsnally  applied  to  the 
moTement  of  the  apper,  or  vernier  plate,  ooosists  of  a  short  post 
of  brass,  which  is  attached  to  the  remier-plato,  and  through 
which  passes  a  long  and  Qne-threaded  "  tangent-screw."  The  other 
end  of  this  screw  enters  into  and  carries  the  clamp.  This  oonsistsi 
of  two  pieces  of  brass,  which,  by  turning  the  ckmp-screw,  which 
passes  through  them  on  the  outside,  can  be  made  to  take  hold  of  and 
pinch  tightly  the  edge  of  the  lower  circle,  which  lies  between  them 
on  the  inside.  The  upper  circle  is  now  prevented  from  moving  on 
the  lower  one,  for  the  tangent-acrew  keeps  them  at  a  fixed  distance 
apart,  so  that  they  caa  not  move  to  or  from  one  another,  nor  coq- 
eeqaently  the  two  circles  to  which  they  are  respectively  made  fast. 
But  when  this  tangeut-screw  is  tamed  by  its  milled  head,  it  gives 
the  damp  and  with  it  the  upper  plate  a  smooth  and  slow  motion, 
backward  or  forward,  whence  it  is  called  the  "  slow-motion  screw," 
as  well  as  "  tangent-screw,"  from  the  direction  in  which  it  acta. 
Another  form  of  clamp  is  shown  in  Fig.  200. 

A  little  different  arrangement  is  employed  to  give  a  similar 
motion  to  the  lower  circle  on  the  body  of  the  instrument.  Its  axis 
\b  embraced  by  a  brass  ring,  into  which  enters  a  clamp-screw. 
The  clamp-^crew  causes  the  ring  to  pinch  aud  hold  immovably 
the  axis  of  the  lower  circle,  while  a  turn  of  the  tangent-screw 
will  slowly  move  the  clamp-ring  itself,  and  therefore  with  it 
the  lower  circle.  When  the  clamp  is  loosened,  the  lower  circle, 
and  with  it  everything  above  it,  has  a  perfectly  free  motion. 

S95.  I«Tela.  Since  the  object  of  the  instrument  is  to  measure 
horizontal  angles,  the  circular  plate  on  which  they  are  measured 
must  itself  be  made  horizontal.  Whether  it  is  so  or  not  is  known 
by  means  of  two  small  levels  placed  on  the  plate  at  right  angles  to 
each  other.  Each  consiata  of  a  glass  tube,  slightly  curved  upward 
in  its  middle,  and  so  nearly  filled  with  alcohol  that  only  a  small 
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bubble  of  air  is  left  in  the  tube.  This  always  rises  to  the  highest 
part  of  the  tubes.  They  are  so  "  adjusted  "  that  when  this  bubble 
of  air  is  in  the  middle  of  the  tabes,  or  ite  ende  equidistant  from  the 
centra]  mark,  the  plate  on  which  they  are  fastened  shall  be  lerel, 
which  iray  soever  it  may  be  tamed.  One  of  the  levels  is  some- 
times  fixed  between  the  standards  above  one  of  the  vemiers,  and 
the  other  on  the  plate  at  the  north  end  of  the  compass-box. 

296.  Fantllel  Flatei.  To  ruse  or  lower  either  side  of  the  circle, 
go  08  to  bring  tbe  babbles  into  the  centers  of  the  tubes,  reqaires 
more  gentle  and  steady  movements  than  the  nnaided  bands  can 
give,  and  is  attained  by  the  parallel  plates,  and  their  foar 
milled-headed  screwa,  which  hold  the  plates  firmly  apart,  and, 
by  being  tamed  in  or  out,  raise  or  lower  one  side  or  the  other  of 
the  upper  plate,  and  thereby  of  the  graduated  circle.  The  two 
plates  are  held  together  by  a  ball-and-socket  joint.  To  level  the 
instrament,  loosen  the  lower  clamp  and  tarn  the  circle  till  each 
level  is  parallel  to  the  vertical  plane  passing  through  a  pair  of 
opposite  screws.     Then  take  hold  of  two  opposite  screws  and  torn 


them  simultaneously  and  equally,  but  in  contrary  directions,  screw- 
ing one  in  and  the  other  ont,  as  shown  by  the  arrows  in  the  figures. 
A  rule  easily  remembered  is  that  both  thumbs  must  turn  in,  or 
both  out  The  movements  represented  in  the  first  of  these  fignres 
would  raise  the  left-band  side  of  the  circle  and  lower  tlie  right- 
hand  siden  The  movements  of  the  second  figure  would  produce 
the  reverse  effect.  Care  is  needed  to  turn  the  opposite  screws 
equally,  so  that  they  shall  not  become  so  loose  that  tbe  instrument 
will  rock,  or  eo  tight  as  to  be  cramped.  When  this  last  oooar^ 
one  of  the  other  pair  should  be  loosened. 
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Bometimes  ooe  of  each  p&ir  of  the  screvB  is  replaced  by  a  strong 
spring,  against  which  the  remainiDg  screws  act. 

The  French  and  German  instrnmentB,  and  most  large  instni- 
ments,  are  nsnally  sapported  hj  only  three  screws.  In  each  caaea, 
one  level  is  brought  parallel  to  one  pair  of  screws  and  leveled  by 
them,  and  the  other  lerel  has  its  bnbble  brought  to  its  center  by 
the  third  screw.  If  there  is  only  one  level  on  the  instrument,  it  is 
first  brought  parallel  to  one  pair  of  screws  and  leveled,  and  is  then 
tamed  one  quarter  aroand  so  as  to  be  perpendicular  to  them  and 
over  the  third  screw,  and  the  operation  is  repeated. 

897.  Watoh-Tslewope.  A  second  telescope  is  sonetimee  at- 
tached to  the  lower  part  of  the  iostrument.  When  a  number  of 
angles  are  to  be  observed  from  any  one  station,  direct  the  upper 
and  principal  telescope  to  the  first  object,  and  then  direct  the 
lower  one  to  any  other  well-defined  point  Then  make  all  the 
desired  observations  with  the  upper  telescope,  and,  when  they  are 
finished,  look  again  through  the  lower  one,  to  see  that  it  and  there- 
fore the  divided  circle  have  not  been  moved  by  the  movemento  of 
the  vernier-plate.  The  French  call  this  the  Witneaa-Teleacope 
{Lunette  tSmoin). 

S98.  The  Compaa.  Upon  the  upper  plate  is  fixed  a  compass. 
It  has  been  fully  explained  in  Chapter  III.  It  is  little  used  in 
connection  with  the  transit,  which  is  so  incomparably  more  accn- 
rate,  except  as  a  "check,"  or  rough  test  of  the  accuracy  of  the 
angles  taken,  which  should  about  equal  the  difference  of  the  mag- 
netic bearings. 

289.  TIm  BeSeotor.  In  making  observations  on  Polaris  at  night, 
or  in  surveying  mines,  a  reflector  (Fig.  310)  is 
used.  This  is  a  silvered  plate  with  a  hole  in  it 
for  observing  through  with  the  telescope,  while 
a  light,  held  near  the  silvered  surface,  illumioateB 
the  cross-hairs.  The  reflector  is  attached  to  a 
ring,  fitted  to  the  object-glass  slide,  and  is  in- 
clined at  an  angle  of  45°  to  the  ring. 
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300.  The  Diagonal  Prism  (Fig.  311).     This  is  a  priBm  attached 

to  the  eye-piece  of  the  telescope,  bo  that  the 
Tia.  an.  j^yg  Qf  light,  coming  from  the  object  sighted 

to,  and  pasemg  through  the  telescope,  are  re- 
flected to   the  eye  at  an  angle  of  90°  to  the 

I  line  of  sight  of  the  telescope.      The  prism  is 

attached  to  a  movable  plate  so  that  it  can  be 
turned  to  snit  the  position  of  the  observer. 
This  prism  enables  larger  vertical  angles  to  be 

measured  than  would  be  possible  without  it. 

The  Transit. 

301.  The  Engineer'!  Trantit  (Fig.  313).  This  instrument  is 
similar  in  general  constractioQ  to  that  shown  iu  Fig.  199,  but 
differs  from  it  in  several  important  particulars.  The  socketa  for 
the  axes  of  the  plates  are  longer  and  differently  arranged.  These 
are  shown  in  Fig.  312. 

Both  levels  are  attached  to  the  upper  plate.  The  vemiers,  in- 
stead of  being  placed  at  the  sides  between  the  legs  of  the  standardf^ 

Fio.  S12. 


as  is  usual,  are  placed  near  the  north  and  south  points  of  the 
oompaes-circle,  so  that  the  observer  can  read  the  vernier  without 
stepping  te  the  side  of  the  instrument.  The  slow  motion,  both  of 
the  upper  and  lower  plate,  is  given  by  one  tangent-screw.    In  each 
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Oftae  an  opposing  spiral  spring  preventa  any  shake  in  the  taugent- 
screw. 

The  Tsrtic&l  arc  is  attached  to  the  axis  of  the  telescope  by  » 
clamp-screw,  shown  in  the  fignre.  The  vernier  and  the  slow- 
motion  screw  of  the  vertical  arc  are  shown  below  the  arc,  and  are 
attached  to  the  left-hand  standard. 
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Attached  to  the  right-hand  Btandard  is  the  "  Gradientoi-" 
(shown  in  detail  in  Fig.  245). 

302.  A  vertical  section  throngh  the  body  of  the  engineer's 
transit  is  given  in  Fig.  313.  The  lower  pUte,  or  "  divided  limb," 
B,  is  anpported  by  the  hollow  socket  C.  Throagb  this  hoUow 
socket  paeses  the  conical  spindle  which  snpporte  the  upper  plate  A. 

The  upper  plate  carries  the  telescope,  compass-box,  and  the 
Temiers.  The  vernier-scales,  V,  V,  are  attached  to  the  upper 
plate,  but  lie  in  the  same  plane  as  the  divisions  of  the  lower  plat« 
(so  that  the  two  can  be  viewed  together  without  parallax),  and  are 
covered  with  glass  to  esclude  dust     E  is  the  clamp-screw. 

303.  The  Theodolite.  The  transit,  when  furnished  with  a  ver> 
tical  circle  and  telescope  level,  is  sometimes  called  a  Theodolite. 
This  name  is  used  almost  exclusively  in  England  and  on  the  Con- 
tinent of  Europe.     In  one  form  of  the  theodolite  the  telescope  can 

„  not  be  revolved  on   its  horizontal   axis.      This 

FlO.  214. 

form  has  been  almost  entirely  superseded  in  this 
country  by  that  having  a  reversible  telescope. 
It  is  then  called  a  Transit  Theodolite,  or  simply 
a  Transit. 

304.  Goniaamometre.  A  very  compact  in- 
strument, to  which  this  name  has  been  given 
in  France,  where  it  is  much  used,  is  shown 
in  the  figure.  The  upper  half  of  the  cylinder 
is  movable  on  its  lower  half.  The  observations 
may  be  taken  throngh  the  slits,  as  in  the  sur- 
veyor's cross,  or  a  telescope  may  be  added  to  it 
Readings  may  be  taken  both  from  the  compass 
and  from  the  divided  edge  of  the  lower  half 
of  the  cylinder,  by  means  of  a  vernier  on  the  npper  halt* 

•  The  proper  care  of  iiiBtruments  miiat  not  be  overlooked.  If  TuiiiBhed,  they 
should  be  wipcil  gpntly  with  fine  and  clean  lin™.  If  polished  with  oil,  they  Bbould 
be  rubbed  more  Btrocgly.  The  parts  neither  VMraiahed  nor  oiled  should  be  cleaned 
wl^  Spaniah-iFhit«  aod  aloihol.  Varnished  huucI,  when  Spotted,  should  be  viped 
with  Terr  soft  linen,  moUtened  wic)>  a  little  oliveKiil  or  alcohol.     Unpainted  wood  Is 


^dbvGoO^^k' 


SOS.  DeflnititHL  A  veroier  is  a  contrivance  tor  meaearing 
amaller  portions  of  space  than  those  into  which  a  line  is  actually 
divided.  It  consists  of  a  second  line  or  scale,  movable  hy  the  side 
of  the  first,  and  divided  into  equal  parts,  which  are  a  very  little 
shorter  or  longer  than  the  parts  into  which  the  first  line  ia  divided. 
This  small  difference  is  the  space  which  we  are  thns  enabled  to 
measnra.* 

The  vernier  scale  is  nsnally  constructed  by  taking  a  length 
equal  to  any  number  of  parte  on  the  divided  line,  and  then  divid* 
ing  this  length  into  a  number  of  eqnal  parts,  one  more  or  one  leas 
than  the  number  Into  which  the  same  length  on  the  original  line 
is  divided. 


306.  Ulutntion.  The  fignre  represents  (to  twice  the  real  size) 
a  scale  of  inches  divided  Into  tenths,  with  a  vernier  scale  beside  it, 
b;  which  bnndredtbs  of  an  inch  can  be  measured.     The  vernier  is 

Fta.  iis. 
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made  by  setting  off  on  it  nine  tenths  of  an  inch,  and  dividing  that 
length  into  ten  equal  parts.  Each  space  on  the  vernier  is  therefore 
eqn^  to  a  tenth  of  nine  tenths  of  an  inch,  or  to  nine  hundredths 
of  an  inch,  and  is  consequently  one  hundredth  of  an  inch  shorter 
than  one  of  the  divisions  of  the  original  scale.  The  first  space  of 
the  vernier  will  therefore  fall  short  of,  or  he  overlapped  by,  the  first 

deancd  with  Mud-pftper,  Apply  oUTe-<nl  where  >t«el  rnba  ■fcalmft  brara  ;  ukd  vu 
Bofteoed  bj  Ulkiw  where  bnaa  niba  agunn  bnu.  Clean  ibe  gluaea  with  kid  or 
buck  skin.     Waab  them.  If  dirtied,  with  alocAol. 

*Tbe  Temler  la  ao  named  from  its  inrentor,  Id  ISSI.    The  name  "Nonloi," 
often  inproperi;  i^ven  to  it,  belongs  to  an  entirely  different  contriranee  for  a  rimilu 
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apace  on  the  scale  by  this  one  hundredth  of  hq  inch  ;  the  seoond 
■space  of  the  vernier  will  fall  short  h;  tvo  hundredths  of  an  inch  ; 
and  BO  on.  If,  then,  the  remier  be  moved  np  by  the  Bide  of  the 
original  scale,  so  that  the  line  marked  1  coincides,  or  forms  one 
straight  line,  with  the  line  of  the  scale  which  was  just  above  it,  we 
know  that  the  vernier  has  been  moved  one  hundredth  of  an  inch. 
If  the  line  marked  3  comes  to  coincide  with  a  line  of  the  scale,  the 
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vernier  has  moved  up  two  hundredths  of  an  inch  ;  and  so  for  other 
numbers.  If  the  position  of  the  vernier  be  as  in  this  figure,  the 
line  marked  7  on  the  vernier  corresponding  with  some  line  on  the 
scale,  the  zero-line  of  the  vernier  is  seven  hundredths  of  an  inch 
above  the  division  of  the  scale  next  below  this  zero-line.  If  this 
division  be,  as  in  the  figure,  8  inches  and  6  tenths,  the  reading  will 
be  8-67  inches.* 

A  vernier  like  this  is  used  on  some  leveling-rods,  being  en- 
graved on  the  sides  of  the  opening  in  the  part  of  the  target  above 
its  middle  line.  The  rod  being  divided  into  hundredths  of  a  foot, 
this  vernier  reads  to  thousandths  of  a  foot.  It  \b  also  used  on  some 
French  mountain  barometers,  which  are  divided  to  hundredths  of 
a  metre,  and  thus  read  to  thousandths  of  that  unit 


807.  0«iieral  Knlea.  To  find  what  any  vernier  reads  to — ^i.  &, 
to  determine  how  small  a  distance  it  can  measure — observe  how 
many  parts  on  the  original  line  are  equal  to  the  same  number  in- 
creased or  diminished  by  one  on  the  vernier,  and  divide  the  length 

*  The  atndent  will  do  well  to  draw  such  a  bf&Ic  and  remier  on  two  slips  of  tUek 
ptper,  and  move  one  beside  the  other  till  be  on  read  them  In  an/  pOB^ble  pMltko : 
and  H  witli  the  following  Tomiera. 
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of  a  part  on  the  original  line  by  this  last  number.  It  will  give  the 
required  distance.* 

For  vemierB  as  oaoallj  constmcted,  the  loHowing  rule  will  ap- 
ply :  Divide  the  value  of  the  smallest  division  on  the  original  scale 
bjf  the  number  of  parte  on  the  vernier. 

For  example,  if  the  limb  of  a  transit  be  divided  into  half  de- 
grees, and  thirty  parts  on  the  vernier  are  equal  to  twenty-nine  on 
the  limb,  then  the  value  of  the  smallest  division  on  the  limb  (30 
minutes),  divided  by  the  number  of  parta  on  the  vernier  (30) 
equals  one  minnte.    This  is  what  the  vernier  reads  to. 

To  read  any  vernier,  Urst,  look  at  the  zero-line  of  the  vernier 
(which  is  sometimes  marked  by  an  arrow-head),  and  if  it  coincides 
with  any  division  of  the  scale,  that  will  be  the  correct  reading,  and 
the  vernier  divisions  are  not  needed.  Bnt  if,  as  usually  happens, 
the  zero-line  of  the  vernier  comes  between  any  two  divisions  of  the 
scale,  note  the  nearest  next  less  division  on  the  scale,  and  then 
look  along  the  vernier  till  yon  come  to  some  line  on  it  which  ex- 
actly coincides,  or  forms  a  straight  line,  with  some  line  (no  matter 
which)  on  the  fixed  scale.  The  number  of  this  line  on  the  vernier 
(the  7tb,  in  the  last  fignre)  tells  that  so  many  of  the  subdivisions 
which  the  vernier  indicates  are  to  be  added  to  the  reading  of  the 
.entire  divisions  on  the  scale. 

When  several  lines  on  the  remier  appear  to  coincide  equally 
with  lines  of  the  scale,  take  the  middle  line. 

When  no  line  coincides,  bnt  one  line  on  the  vernier  is  on  one 
side  of  a  line  on  the  scale,  and  the  next  line  on  the  vernier  is  as  far 
on  the  other  side  of  it,  the  true  reading  is  midway  between  those 
indicated  by  these  two  lines. 

80a  Ketrograde  Temien.  Th$  spaces  of  the  vernier  in  modem 
instmments  are  usually  each  shorter  than  those  on  the  scale,  a  cer- 
tain number  of  parts  on  the  scale  beinj;  divided  into  a  larger  number 

*  Id  algebraic  language,  let  (  equal  the  length  of  one  part  on  the  original  line, 
■ud  a  the  nnknown  length  of  one  part  on  the  Teraler.  Let  tn  of  tlie  former  — 
m  +  1  o(  the  latter.  Then  m«  =^  (m  +  1 ) »,  tr  = -».  •  — vsl. 
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of  parts  on  the  vernier.*  Id  the  contrary  case,t  there  is  the  incon- 
Tenience  of  being  obliged  to  number  the  lines  of  the  vernier  and  to 
count  their  coincidences  with  the  lines  of  the  scale,  in  a  retrograde 
or  contrary  direction  to  that  in  vhicb  the  nnmbers  on  the  scale 
ran.     We  will  call  such  arrangements  retrograde  verniers. 

309.  nivstntum.  In  this  figure)  the  scale,  as  before,  repre- 
Bents  (to  twice  the  real  size)  inches  divided  into  tenths,  but  the 
Temier  is  made  by  dividing  eleven  parts  of  the  scale  into  ten  equal 
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parts,  each  of  which  is  therefore  one  tenth  of  eleven  tenths  of  an 
inch — i.  e.,  eleven  hundredths  of  an  inch,  or  a  tenth  and  a  hun- 
dredth. Each  space  of  the  vernier  therefore  overlaps  a  space  on 
the  scale  by  one  handredth  of  an  inch.  The  manner  of  reading 
this  vernier  is  the  same  as  in  the  last  one,  except  that  the  num- 
bers rnn  in  a  reverse  direction.  The  reading  of  the  figure  is 
80-16. 

This  vernier  is  the  one  generally  applied  to  the  common  barom- 
eter, the  zero-point  of  the  vernier  being  brought  to  the  level  of 
the  top  of  the  mercury,  whose  height  it  then  measnres.  It  is  also 
employed  for  leveling-rods  which  read  downward  from  the  middle 
of  the  target. 

810.  Fig.  218  represents  (to  double  size)  the  usual  scale  of 
the  English  mountain  barometer.  The  scale  is  first  divided 
into  inches.     These  are   subdivided   into  tenths   by  the  longer 

•  L  B^  Blgebraicnllj,  o  =  -  .  f  !■  e-i  when  »  = r  «^ 
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linea,  and  the  shorter  lines  again  divide  these  into  half  tenths,  or 
to  5  bnudrcdths ;  24  of  these  smaller  parts  are  set  off  on  the  Ter- 
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nier,  and  divided  ioto  Id5  equal  parts,  each  of  which  is  therefore 

=  — OK —  =  '048  inch,  and  is  ehorter  than  a  division  of  the  scale 

by  -050  —  -048  =  -OOa,  or  two  thoasscdtha  of  an  inch,  a  twenty- 
fifth  part  of  a  division  on  the  scale,  to  which  minatenees  the  ver- 
nier  can  therefore  read.  The  reading  in  the  figare  is  80'686 
(30'65  by  the  scale  and  -OSe  by  the  vernier),  the  dotted  line  marked 
D  showing  where  the  coincidence  takes  place. 

811.  Circle  divided  into  Sepreea.  The  following  illnatrations 
apply  to  the  measurements  of  angles,  the  circle  being  varioosly 
divided.  In  this  article,  the  circle  is  supposed  to  be  divided  into 
degrees. 

If  6  spaces  on  the  Tcrnicr  are  fonnd  to  be  equal  to  6  on  the 
circle,  the  vemier  can  read  to  one  sixth  of  a  space  on  the  circle — 
i.  e.,  to  10'. 

If  10  spaces  on  the  vernier  are  equal  to  9  on  the  circle,  the 
vernier  can  read  to  one  tenth  of  a  space  on  the  circle — i.  e.,  to  6'. 

If  13  spaces  on  the  vernier  are  equal  to  11  on  the  circle,  the 
vernier  can  read  to  one  twelfth  of  a  space  on  the  circle— i.  e.,  to  5'. 

Fig.  319  shows  such  an  arrangement.  The  index,  or  zero, 
of  the  vernier  is  at  a  point  beyond  358°,  a  certain  distance, 
which  the  coincidence  of  the  third  line  of  the  vernier  (as  indicated 
by  the  dotted  and  crossed  line)  shows  to  be  16'.  The  whole  reading 
is  tiierefore  358°  15'. 
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If  20  spaces  on  tbe  vernier  are  equal  to  19  on  the  circle,  tlte 
rermer  can  read  to  one  twentieth  of  a  diTieion  on  the  circle — i.  e.. 


s 


10 


so_ 


in 


10    45 


^1 


15     0 


A-- 

to  8'.     English  oompaaBes,  or  "oircomferentors,"  are  sometimes 
thus  arranged. 

If  60  Bpaoee  on  the  vernier  u«  eqaal  to  59  on  the  circle,  the 
vemier  can  read  to  one  sixtieth  of  a  divieioa  on  the  circle— i  a, 
to  1'. 

SIS.  Oitde  divided  to  30'.  Such  a  gradnation  is  a  very  com- 
mon one.    The  vernier  may  be  varioosly  oonBtrncted. 


Digitized  bvGoO^^IC 


Suppose  30  spaooB  on  the  Temier  to  be  eqnal  to  29  on  the  cir> 

ele.    Each  space  on  the  Temier  will  be  =  — ^jj —  =  29',  and  will 

therefore  be  lees  than  a  space  of  the  circle  by  1',  to  which  the  rer- 
uier  will  then  read. 

Fig.  220  showB  this  arraogement     The  reading  b  0°,  or  360°. 

In  Fig.  221  the  dotted  and  crossed  line  shows  what  divieions 
coincide,  and  the  reading  is  20°  10' ;  the  vernier  being  the  same 
as  in  the  preceding  figure,  and  its  zero  being  at  a  point  of  the 
circle  10'  beyond  20°. 

fio.  9S1. 


In  Fig.  222,  the  reading  is  20°  40',  the  index  being  at  a 
point  beyond  30°  30',  and  the  additional  space  being  shown  by 
the  vernier  to  be  10'. 

Sometimes  30  spaces  on  the  vemier  are  equal  to  31  on  the  circle. 
31  X  30'  ^ 


h  space  on  the  vernier  will  therefore  be  = 


30 


=  31',  and 


win  be  longer  than  a  space  on  the  circle  by  1',  to  which  it  will 
therefore  read,  as  in  the  last  case,  bnt  the  vernier  will  bo  "  retro- 
grade." This  is  the  vernier  of  the  compass.  The  peoaliar  manner 
in  which  it  is  there  applied  is  shown  in  Fig.  229. 
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It  16  Bpoces  on  the  Ternier  are  equal  to  16  od  the  circle,  each 
16x3 


-  =  32',  and  the  vernier  will 


space  on  the  vernier  will  be 

therefore  read  to  %'. 

313.  Oirole  divided  to  20'.    If  20  spaces  of  the  vernier  are 
eqnal  to  19  on  the  circle,  each   spaoe  of   the  latter  will  be  = 

^^?1^  =  19',  and  the  vernier  will  read  to  20'  — 19'  =  1'. 

If  40  flpaoes  on  the  vernier  are  eqnal  to  41  on  the  circle,  each 
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=  20)',  and  the  vernier 


YBBSIER3. 

space  on  the  Tenner  will  be  ^  — irP" 
will  therefore  read  to  20^'  —  20'  =  30".     It  will  be  retrograde.     In 
Fig.  3S3  the  reading  is  360°,  or  0° ;  and  it  wiU  be  aeen  that  the 
Fio.  2M. 
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40  spaces  on  the  vernier  (numbered  to  whole  minntes)  are  equal 
to  18°  40'  on  the  limb — i.  e.,  to  41  spaces,  each  of  20'. 

If  60  spaces  on  the  Temier  are  equal  to  69  od  the  circle,  each 
9X20 


of  the  former  will  be  =  - 


-  =  19'  40',  and  the  vernier  will 
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therefore  read  to  20'  —  19'  40*  =  ;iO'.     Fig.  334  shows  bdcIi  eui 
arrangemeiit.     The  reading  ia  that  posibioa  would  be  40°  46'  SC. 

314.  Circle  divi^d  to  15'.     If  60  epacea  oq  the  vernier  are 
eqnal  to  99  on  the  circle,  each  apace  on  the  vernier  will  be  = 


the  reading  is  10°  30'  45',  the  index  pointing  to  10°  15',  and 
something  more,  which  the  vernier  shows  to  be  5' 45'., 

31S.  Circle  divided  to  10'.  If  60  spaces  on  the  vernier  be 
eqoal  to  59  on  the  limb,  the  vernier  will  read  to  10'.  la  Fig. 
S36  the  reading  is  V  35'  40',  the  reading  on  the  circle  being 
7°  SO',  and  the  vernier  showing  the  remaining  space  to  be  5'  40'. 


r 


316.  Beading  backward.  When  an  index  carrying  a  vernier  is 
moved  backward,  or  in  a  contrary  direction  to  that  in  which  the 
numbers  on  tbe  circle  ran,  if  we  wish  to  read  the  space  which  it 
has  passed  over  in  this  direction  from  the  zero-point,  the  vernier 
most  be  read  backward  (i.  e.,  the  highest  number  be  called  0),  or 
its  actn^  reading  must  be  sobtmcted  from  the  value  of  the  small- 
est space  on  the  circle.     The  reason  is  plain  ;  for,  since  the  vernier 
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shows  how  far  the  index,  moviag  id  one  direction,  hue  gone  past 
one  diTiBion-liae,  the  distance  which  it  is  from  the  next  division- 
line  (which  it  may  be  aoppoeed  to  have  passed,  moTlng  in  a  ood- 
trarj  directioo)  will  be  the  difference  between  the  reading  and  the 
valae  ot  one  space. 

Thus,  in  Fig.  219,  the  reading  is  358°  15'.  But,  counting  back> 
ward  from  the  360°,  or  zero-point,  it  is  1°  45'. 

Cantion  on  this  point  is  particularly  neo^sary  in  neing  small 
angles  of  deflectiou  for  railroad-corves. 

317.  An  of  Ezoe«.  On  the  sextant  and  similar  iDstraments, 
the  diviBions  of  the  limb  are  carried  onward  a  short  distance  be- 
yond the  zero-point.  This  portion  of  the  limb  is  called  the  "  Are 
of  Excess."    When  the  index  of  the  vernier  points  to  this  arc,  the 
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reading  must  be  made  as  explained  in  the  last  article.  Thus,  in 
the  figure,  the  reading  on  the  arc  from  the  zero  of  the  limb  to  the 
zero  of  the  vernier  is  4°  80',  and  Bomething  more,  and  the  reading 
of  the  vernier  from  10  toward  the  right,  where  the  lines  coin- 
cide, is  3'  %V  (or  it  is  10'  —  6'  40'  =  3'  80*),  and  the  entire  reading 
is  therefore  4"  23'  SC 

818.  Double  Vemien,    To  avoid  the  inconveniences  of  read- 
ing backward,   double  verniers   are  sometimes   used.     Fig.    338 
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showB  one  applied  to  a  transit.    Each  of  the  verniers  is  like  the 

one  described  in  Art.   312,  Figs.   280,  221,  and  222.     When  the 

degrees  are  connted  to  the  left,  or  as  the  numbers  nm,  as  is  nsoal. 

Fid.  328. 


the  left-hand  vernier  is  to  be  read,  as  in  Art.  312 ;  bnt  when  the 
degrees  are  connted  to  the  right,  from  the  360°  line,  the  right- 
hand  Temier  is  to  be  naed. 

319.  CompaHt-Veraier.     Another  form  of  double  vernier,  often 
applied   to   the   compass,  is  shown   in   Fig.    329.      The   limb   is 
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divided  to  half-degrees,  and  the  vernier  reads  to  minates,  30 
parte  on  it  being  equal  to  31  on  the  limb.  Bnt  the  vernier  is 
only  half  as  long  as  in  the  previous  case,  going  only  to  15',  the 
upper  figures  on  one  half  being  a  sort  of  continuation  of  the  lower 
figures  on  the  other  half.  Tbas.  in  moving  the  index  to  the  right, 
read  the  lower  figures  on  the  left-hand  vernier  (it  being  retrograde) 
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at  any  coincidence,  wben  the  space  passed  over  is  less  than  15' ; 
bnt  if  it  be  more,  read  the  upper  figures  on  the  right-hand  Ternier, 
and  vice  versa. 

380.  The  purposes  for  which  the  tranBit  (as  well  aa  most  snr^ 
TejiQg  and  aatronotnical  InBtrnments)  is  to  he  used,  require  luid 
presappoae  certain  parts  and  lines  of  the  instrument  to  be  placed 
in  certain  directions  with  respect  to  others  ;  these  reepective  direc- 
tions being  nsnallj  parallel  or  perpendicular.  Such  arrangements 
of  their  parts  are  called  their  Adjustments.  The  same  word  is  also 
applied  to  phwing  these  lines  iu  these  directions.  In  the  following 
explanations  the  operations  which  determine  whether  these  adjust- 
ments are  correct,  will  be  called  their  Verifications  ;  and  the  mak- 
ing tbem  right,  if  they  are  not  so,  their  Rectifications.* 

321.  In  obeerratioDS  of  horizontal  angles  with  the  transit  it  ia 
required — 

1.  That  the  circular  plates  shall  be  horizontal  in  whatever  way 
they  may  be  turned  aronod. 

2.  That  the  telescope,  when  pointed  forward,  shall  look  in  pre- 
cisely the  reverse  of  its  direction  when  pointed  backward — i.  e., 
that  its  two  lines  of  sight  (or  lines  of  collimation)  forward  and 
backward  shall  lie  in  the  same  plane. 

3.  That  the  telescope,  in  turning  upward  or  downward,  shall 
vioiie  in  a  truly  vertical  plane,  iu  order  that  the  angle  measured 
between  a  low  object  and  a  high  one  may  be  precisely  the  same 
as  would  be  the  angle  measured  between  the  low  object  and  a  point 
exactly  under  the  high  object,  and  in  the  same  horizontal  plane  aa 
the  low  one. 

We  shall  see  that  all  these  adjustments  are  finally  resolvable 
into  these  :  1.  Making  the  vertical  axis  of  the  instrument  perpen- 
dicular to  the  plane  of  the  levels  :  8.  Making  the  line  of  collima- 

•  It  hu  beeD  well  (dd  that,  "  In  the  present  state  of  Bdencc,  it  inaj  be  laid  down 
u  a  mailm  that  erery  iDntntmCDt  should  be  so  contrived  that  the  observer  tovj 
ea^lf  eiamlne  and  rectUj  the  prindpal  parts  ;  for,  however  careful  the  inBlrunient- 
maker  may  be,  however  perfect  the  eiecution  thereof,  it  ii  not  posaible  that  uif 
fautninenl  tbould  lonj;  remain  accnrstelv  Gied  in  the  position  in  which  it  c&me  0i4 
<tf  the  maker's  hands."    (Adams's  "  Qeometrical  and  Graphiial  EaaaTs,"  1791.) 
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tion  perpendicular  to  its  axis  ;  and,  3.  Making  this  axis  parallel  to 
the  plane  of  the  levels.  The;  are  all  best  tested  b;  the  invaluable 
principle  of  "  reversioo." 

We  have  now,  first,  to  examine  whether  these  things  are  so — 
that  is,  to  "verify"  the  adjustments;  and,  second,  if  we  find 
that  they  are  not  so,  to  make  them  so — i.  e.,  to  "recti^"  or  "ad- 
just" them  correctly.  The  above  three  requirements  prodnoeaa 
many  corresponding  adjustments. 

332.  First  Adjustment  To  cause  the  cirde  to  he  horizontal  in 
every  position. 

Verification.  Turn  the  vernier-plate,  which  carries  the  levels, 
till  one  of  them  it:  parallel  to  one  pair  of  the  parallel  plate-sorews. 
The  other  will  then  be  parallel  to  the  other  pair.  Bring  each  bub- 
ble to  the  middle  of  its  tube,  by  that  pair  of  screws  to  which  it  is 
parallel.  Then  turn  the  vernier-plate  half<way  around— i.  e.,  till 
the  index  has  passed  over  180°.  If  the  bubbles  remain  iu  the  cen- 
ters of  the  tubes,  they  are  in  adjustment.  If  either  of  them  runs 
to  one  end  of  the  tube,  it  requires  rectification. 

Rectification.  The  fanlt  which  is  to  be  rectified  is  that  the 
plane  of  the  level  (L  e.,  the  plane  tangent  to  the  highest  point  of 
the  level  tube)  is  not  perpendicalar  to  the  vertical  axis  on  which 

Fia.SSO.  FiQ  2SI. 


the  plate  turns.  For,  let  A  B  represent  this  plane,  seen  edgewise, 
and  C  D  the  center  line  of  the  vertical  axis,  which  is  here  drawn  as 
making  an  acute  angle  with  this  plane  on  the  right-hand  side. 
The  first  figure  represents  the  bubble  brought  to  the  center  of  the 
tube.  The  second  figure  represents  the  plate  turned  half  around. 
The  center  line  of  the  axis  is  snppoeed  to  remun  unmoved.     The 
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acute  SDgle  will  now  be  on  the  ieft-band  side,  and  the  plate  will  no 
longer  be  horizontal ;  consequently,  the  bubble  will  run  to  the 
higher  end  of  the  tabe.  The  rectification  neceBsary  is  evidently  to 
raiae  one  end  of  the  tube  and  lower  the  other.  The  real  error  has 
been  doabted  to  the  eye  by  the  reversioD.  Half  of  the  motion  of 
the  bubble  was  cansed  by  the  tangent  plane  not  being  perpendicn- 
lar  to  the  axis,  and  half  by  this  axis  not  being  Tertical.  Therefore, 
laise  or  lower  one  end  of  the  level  by  the  screws  which  fasten  it  to 
the  plate,  till  the  bubble  comes  about  half-way  back  to  the  center, 
and  then  bring  it  quite  back  by  turning  ite  pair  of  parallel  plate- 
screws.  Then  again  reverse  the  vernier-plate  180°.  The  bubble 
abonld  now  remain  in  the  center.  If  not,  the  operation  shonid  be 
repeated.  The  same  must  be  done  with  the  other  level,  if  required. 
Then  the  bubbles  will  remain  in  the  center  during  a  complete  revo- 
lution. This  proves  that  the  axis  of  the  vernier-plate  is  then  ver- 
tical ;  and,  as  it  has  been  fixed  by  the  maker  perpeudicnlar  to  the 
pUte,  the  latter  must  then  be  horizontal. 

It  18  also  neoesBary  to  examine  whether  the  bubbles  remain  in 
the  center,  when  the  divided  circle  is  turned  round  on  its  axis.  If 
not,  the  axes  of  the  two  plates  are  not  parallel  to  each  other.  The 
defect  can  be  remedied  only  by  the  maker ;  for,  if  the  bubbles  be 
altered  so  as  to  be  right  for  this  reversal,  they  will  be  wrong  for 
the  vernier-plate  reversal. 

S33.  Second  A^jnitment  To  cause  the  line  of  eolUmation  to 
revolve  in  a  plane. 

Verification.  Set  up  the  transit  in  the  middle  of  a  level  piece 
of  ground,  as  at  A  in  the  figure.     Level  it  carefully.     Set  a  stake. 


with  a  nail  driven  into  its  head,  or  a  chain-pin,  as  far  from  the 
instrument  as  it  ia  distinctly  visible,  as  at  B.    Direct  the  telescope 
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to  it,  and  fix  the  intereectioD  of  the  ciOBS-hairs  very  precisely  apon 
it  GlaDip  the  iastruDient.  Meauore  from  A  to  B.  Then  turu 
OTer  the  telescope,  and  aet  another  etakc  at  an  equal  distance  from 
the  transit,  and  also  precisely  in  the  line  of  sight.  If  the  line  of 
coUimatioQ  has  twt  cootiuued  in  the  same  plane  during  it«  half- 
revolution,  this  stake  will  not  be  at  E,  bat  to  one  side,  as  at  C. 
To  discover  the  trnth,  loosen  the  clamp  and  torn  the  vernier-plate 
half  around  without  touching  the  telescope.  Sight  to  B,  ae  at  first, 
and  again  clamp  it.  Then  turn  over  the  tolescope,  and  the  tine  of 
sight  will  strike,  as  at  D  in  the  figure,  as  far  to  the  right  of  the 
point  as  it  did  before  to  its  left 

Recfifieation.  The  fault  which  is  to  be  rectified  is  that  the 
line  of  collimation  of  the  telescope  is  not  perpendicular  to  the  hori- 
zontal axis  on  which  the  tolescope  revolves.     This  tUI  be  seen  by 


Tta.  SSS. 
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the  figures,  which  represent  the  position  of  the  lines  in  each  of  the 
four  observations  which  have  been  made.  In  each  of  the  figures 
the  long,  thick  line  represents  the  tolescope,  and  the  short  one  the 
axis  on  which  it  turns.  In  Fig.  333  the  line  of  sight  is  directed  to 
B.  In  Fig.  234  tlie  tolescope  has  been  turned  over,  and  with  it  the 
axis,  so  that  the  obtuse  angle  marked  0  in  the  first  figure  haa 
token  the  place,  0',  of  the  acute  angle,  and  the  telescope  pointo  to 
U  instead  of  to  E.     In  Fig.  335  the  vernier-plate  has  been  turned 
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half  arouDd  eo  as  to  point  to  B  again,  and  the  same  obtuse  angle 
had  got  aronnd  to  0'.  In  Fig.  336  the  teleecope  haa  been  turned 
over,  the  obtuse  angle  is  at  0",  and  the  telescope  now  points  to  D. 

To  make  the  line  of  collimation  perpendicular  to  the  axis,  the 
former  must  have  ita  direction  changed.  This  is  effected  bj  mov- 
ing the  vertical  hair  the  proper  distance  to  one  side.  By  loosen- 
ing the  left-hand  screw  and  tightening  the  right-hand  one,  the 
ring,  and  with  it  the  cross-hairs,  will  be  drawn  to  the  right,  and 
vice  versa.  Two  holes  at  right  angles  to  each  other  pass  through 
the  oater  heads  of  the  screws.  Into  these  holes  a  Btont  steel  wire 
is  inserted,  and  the  screws  can  tfana  be  turned  aronnd.  Screws  bo 
made  are  called  "capstan-headed."  One  of  the  other  pair  of 
screws  may  need  to  be  loosened  to  avoid  Btmning  the  threads.  In 
some  French  instruments,  one  of  each  pair  of  screws  is  replaced  by 
a  spring. 

To  find  how  mach  to  move  this  vertical  hair,  measure  from  0 
to  D,  Fig.  232  :  Set  a  stake  at  the  middle  point  E,  and  set  another 
at  the  point  F,  midway  between  D  and  E.  Move  the  vertical  hair 
bill  the  line  of  sight  strikes  F.  Then  the  instrument  is  adjusted ; 
and,  if  the  line  of  sight  be  now  directed  to  E,  it  will  strike  B  when 
the  telescope  is  tnmed  over,  since  the  hair  is  moved  half  of  the 
doubled  error,  D  E.  The  operation  will  generally  require  to  be 
repeated,  not  being  quite  perfected  at  first. 

It  should  be  remembered  that,  if  the  telescope  nsed  does  not 
invert  objects,  its  eye-piece  will  do  eo.  Consequently,  with  such  a 
telescope,  if  it  seems  that  the  vertical  hair  should  be  moved  to  tiie 
left,  it  must  be  moved  to  the  right,  and  vice  versa.  An  inverting 
telescope  does  not  invert  the  cross-hairs. 

If  the  young  surveyor  has  any  doubts  as  to  the  perfection  of 
his  rectification,  be  may  set  another  stake  exactly  under  the  instro- 
ment  by  means  of  a  plumb-line  suspended  from  its  center ;  and 
then,  in  like  manner,  set  his  transit  over  B  or  E.  He  will  find 
that  the  other  two  stakes,  A  and  the  extreme  one,  are  in  the  same 
straight  line  with  his  inatmment. 

In  some  inntrnments,  the  horizontal  axis  of  the  telescope  can  be 
taken  out  of  its  SDpports  and  turned  over,  end  for  end.  In  such  a 
case,  the  line  of  sight  may  be  directed  to  any  well-defined  point, 
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and  the  axis  then  taken  out  and  turned  over.     If  the  line  of  eight 
again  strikea  the  same  point,  thia  line  is  perpeudicular  to  the  axia. 


-^f—^ 


It  not,  the  apparent  error  is  doable  the  real  error,  as  appears  from 
the  fignree,  the  obtoee  angle  0  coming  to  0',  and  the  desired  per- 
pendicolar  line  falling  at  G  midway  between  B  and  B',  The  recti- 
fication may  be  made  as  before  ;  or,  in  some  large  inBtrnmente,  in 
which  the  telescope  is  supported  on  Ys,  by  moTing  one  of  the  Yb 
laterally. 

324.  Third  A^jiutianit  To  cause  the  line  of  collimation  tc 
revolve  in  a  vertical  plane. 

Verification.  Suspend  a  long  plumb-Iioe  from  some  high  point 
Set  the  instrument  near  this  line,  and  level  it  carefully.  Direot 
the  telescope  to  the  plumb-line,  and  see  if  the  intersection  of  the 
croas-haira  follows  and  remains  upon  this  line  when  the  telescope 
is  tamed  np  and  down.     If  it  docs,  it  moves  in  a  vertical  plane. 

The  angle  of  a  new  and  well-built  bouse  will  form  an  imperfect 
substitute  for  the  plumb-line. 

Othervnse :  The  instrament  being  set  up  and  leveled  as  above, 
place  a  basin  of  some  reflecting  liquid  (quicksilver  being  the  best, 
though  molaBses,  or  oil,  or  even  water  will  answer,  though  less  per- 
fectly) so  that  the  top  of  a  st«eple,  or  other  point  of  a  high  object, 
can  be  seen  in  it  through  the  telescope  by  reflection.  Make  the 
intersection  of  the  crose-haira  cover  it.  Then  turn  up  the  tele- 
scope, and,  if  the  intersection  of  the  cross-hairs  bisects  also  the 
object  seen  directly,  the  line  of  sight  has  moved  in  a  vertical  plane. 
If  a  star  be  taken  as  the  object,  the  star  and  its  reflection  will  be 
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eqairalent  (if  it  be  aefirl;  overhead)  to  a  plamb-Iine  at  least  fifty 
milliOD  million  miles  long. 

Otherwise :  Set  the  iDstromoiit  aa  close  as  possible  to  the  base 
of  a  steeple  or  other  high  object ;  level  it,  and  direct  it  to  the  top 
of  the  ateeple,  or  to  some  other  elevated  and  well- 
defined  point.  Clamp  the  plat«s.  Tom  down  the 
telescope,  and  set  up  a  pin  in  the  groand  precisely  "in 
liae."  Then  loosen  the  clamp,  turn  over  the  telescope, 
and  tarn  it  half-vay  aronnd,  or  so  far  as  to  again 
eight  to  the  high  point  Clamp  the  plates,  and  again 
torn  down  the  telescope.  If  the  line  of  sight  again 
strikes  the  pin,  the  telescope  has  moved  in  a  vertical 
plane.  If  not,  the  apparent  error  is  double  the  real 
error.  For,  let  S  be  the  top  of  the  steeple  (Fig.  239), 
and  P'  the  pin  ;  then  the  plane  in  which  the  telescope 
moves,  seen  edgewise,  is  S  P* ;  and,  after  being  tamed  around, 
the  line  of  sight  moves  in  the  plane  S  P",  as  far  to  one  side  of 
the  vertical  plane  S  P  aa  S  F  was  on  the  other  side  of  it. 

Rectification.  Since  the  second  adjustment  cansea  the  line  of 
sight  to  move  in  a  plane  perpendicular  to  the  axis  on  which  it 
turns,  it  will  move  in  a  vertical  plane  if  that  axis  be  horizontal 
It  can  be  made  so  by  raising  or  lowering  one  end  of  the  axis  by 
means  of  a  screw  placed  in  the  standard  for  that  purpose. 

826.  Centering  Xyt-Fieoe.  In  some  instruments,  snch  as  that 
of  which  a  longitudinal  section  is  shown  on  page  330,  the  inner 
end  of  the  eye-piece  may  be  moved  so  that  the  cross-hairs  shall  be 
seen  precisely  in  the  center  of  its  field  of  view.  This  is  done  by 
means  of  four  screws,  arranged  in  pairs,  like  those  of  the  cross-hair 
ring-screws,  and  capablij  of  moving  the  eye-piece  up  and  down,  and 
to  right  or  left,  by  loosening  one  and  tightening  the  opposite  one. 
Two  of  them  are  shown  at  A,  A,  in  the  figure,  in  which  B,  B,  are 
two  of  the  cross-hur  screws. 

A38.  Centering  Olqeot-Olaai.  In  some  instruments  four  screws, 
similarly  arranged,  two  of  which  are  shown  at  0,  0,  can  move,  in 
any  direction,  the  inner  end  of  the  slide  which  carries  the  object- 
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glass.     The  necesait;  for  snch  so  arraogement  arises  from  the 
jmpoasibilit;   of   drawing   a    tube    perfectly 
^^J^;,^^'^  straight.     Consequently,  the  line  of  collima- 

tion,  when  the  tnbe  ia  drawn  in,  will  not 
coincide  with  the  same  line  when  the  tnbe 
is  poshed  oat  If  adjusted  for  one  position, 
it  will  therefore  be  wrong  for  the  other. 
These  screws,  however,  can  make  it  right 
in  both  positions.  The;  are  used  as  fol- 
lows : 

Sight  to  some  well-defiDed  point  as  far  off 
as  it  can  be  distinotlj  seen.  Then,  hariog 
the  pIsteB  firmly  clamped,  more  out  the  ob- 
ject-glass slide,  and  fix  a  point  in  the  line  of 
sight  as  close  to  the  instrament  as  can  be 
distinctly  seen.  Then  tarn  the  limb  half- 
way around  horizontally,  reverse  the  tele- 
scope, and  again  sight  to  the  near  point,  by 
clamping  the  plates  and  bringing  the  verti- 
cal cross-hair  on  the  point  by  means  of  the 
tangent-screw.  Then  draw  in  the  object- 
glass  slide  until  the  distant  object  is  distinct- 
ly seen.  If  the  vertical  croas-hair  bisects  it, 
no  adjustment  is  necessary.  If  not,  correct 
one  half  of  the  apparent  error  by  means  of 
the  screws  0  0  in  Fig.  240.  This  may  dis- 
turb the  second  adjustment.  Try  that  over 
again,  and  again  perform  the  operation  of 
I  J  L|  centering  the  object-glass. 

^         "^  This  adjustment  is  always  performed  by 

the  maker,  and  its  screws  are  covered  by  a 
short  tnbe. 

All  the  adjustments  should  be  meddled 
with  as  little  as  possible,  lest  the  screws 
should  get  loose  ;  and,  when  once  nftde 
right,  they  should  be  kept  so  by  careful 
usage. 
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327.  FonrtlL  Adjustment.  To  came  the  line  of  coUimation  of  the 
teUscope  to  be  horizontal  when  the  bubble  of  the  level  attached  to  it 
is  in  the  center  of  its  tube. 

Drive  two  pegs  aereral  hTindred  feet  apart,  and  set  the  instni- 
ment  mid.way  between  thorn.  Level,  and  sight  to  the  rod  held  on 
each  peg.  The  difference  of  the  readings  will  be  the  tnie  differ^ 
enoe  of  the  heights  of  the  pegs,  no  matter  how  mnob  the  lerel 
ma;  be  out  of  adjustment. 

Then  set  the  instrument  over  one  peg,  and  eight  to  the  rod  held 
at  the  other.  Meaaure  the  height  of  the  cross-hairs  above  the  first 
peg.  The  difference  of  this  height  and  the  reading  on  the  rod 
should  equal  the  difference  of  the  heights  of  the  two  points,  as 
previoasly  determined.  If  it  does  not,  set  the  target  to  the  sum  or 
difference  of  the  height  of .  the  oross-bairs  above  the  first  peg  and 
the  true  difference  of  height  of  the  points,  according  as  the  first 
point  is  higher  or  lower  than  the  second,  and  hold  the  rod  on  the 
seoond  point  Sight  to  it,  and  raise  or  lower  one  end  of  the  babble- 
tnbe  until  the  horizontal  cross-hair  does  bisect  the  target  when  the 
bnbble  is  in  the  center. 

Instead  of  setting  over  one  peg,  it  is  generally  more  convenient 
to  set  near  to  it,  and  sight  to  a  rod  held  on  it,  and  use  this  reading 
instead  of  the  measured  height  of  the  cross-hairs. 

838.  Fifth  Adjustment  7b  make  the  vernier  of  the  verticai 
circle  read  zero  when  the  bubble  of  the  telescope -level  is  in  the 
center. 

This  is  verified  in  varions  ways : 

1.  By  simple  inspection. 

a.  By  reversion.  Sight  to  some  point  Note  the  reading  on 
the  vertical  circle.  Tarn  the  telescope  half-way  aronnd  horizon- 
tally. Turn  over  the  telescope  and  again  observe  the  same  point, 
and  note  the  reading.  Half  the  difference  (if  any)  of  the  two  read- 
'  ings  is  the  error. 

3.  By  reciprocal  observations.  Observe  successively  from  each 
of  two  points  to  the  other.  Half  the  difference  of  the  readings 
equals  the  index-error. 

When  the  verification  has  been  made,  the  error  may  be  rectified 
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on  the  inBtrnment  b;  moving  the  vernier-plate,  or  the  circle,  or 
Qoted  as  a  correction  to  each  observation  when  the  instrament  is 
large  and  delicate. 

XHK  FIXUVWOBE. 
329.  To  neMore  a  Horixo&tal  Angle.  Set  up  the  inatmment 
BO  that  its  center  shall  be  exactly  over  the  angular  point,  or  in  the 
intersection  of  the  two  lines  whose  ditterence  of  direction  is  to  be 
measured,  aa  at  B  in  the  figure.  A  plumb-line  mnst  be  suspended 
from  under  the  center.  Dropping  a  stone  is  an  imperfect  anbsti- 
tote  for  this.  Set  the  instru- 
ment so  that  its  lower  paral- 
lel plate  may  be  as  nearly  hor- 
izontal as  possible.  The  lev- 
els  will  serve  as  guides  if  the 
four  parallel-plate  screws  be 
first  so  screwed  up  or  down  that  equal  lengths  of  them  shall  be 
above  the  upper  plate.  Then  level  the  instrument  carefully. 
Direct  the  telescope  to  a  rod,  stake,  or  other  object,  A  in  the 
figure,  on  one  of  the  lines  which  form  the  angle.  Tighten  the 
clamps,  and  by  the  tangent-screw  move  the  telescope  so  that  the 
intersection  of  the  cross-hairs  shall  very  precisely  bisect  this  ob- 
ject. Note  the  reading  of  the  vernier.  Then  loosen  the  clamp 
of  the  vernier,  and  direct  the  telescope  on  the  other  line  (as  to  C) 
precisely  as  before,  and  again  read.  The  difference  of  the  two 
readings  will  be  the  desired  angle,  ABC.  Thus,  if  the  first  read- 
ing had  been  40°  and  the  last  190°,  the  angle  would  be  150°.  If 
the  vernier  had  passed  360°  in  turning  to  the  second  object,  360° 
should  be  added  to  the  last  reading  before  subtracting.  Thus,  if 
the  first  reading  had  been  300°,  and  the  last  reading  90°,  the  an- 
gle would  be  found  by  calling  the  last  reading,  as  it  really  is, 
360°  -f-  90°  =  4fi0°,  and  then  anbtracting  300°. 

It  is  best  to  sight  first  to  the  left-hand  object  and  then  to  the 
right-hand  one,  turning  "  with  the  sun  "  or  like  the  hands  of  a 
watch,  since  the  numbering  of  the  degrees  usually  runs  in  that 
direction. 

It  is  convenient,  though  not  necessary,  to  begin  by  setting  the 
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Temier  at  zero  by  the  upper  moTement  (that  of  the  vemier-plste 
on  the  circle),  and  then,  by  meana  of  the  lower  motion  (that  of  the 
whole  ineb-Qment  on  its  axis),  to  direct  the  telescope  to  the  first 
object  Then  fasten  the  lower  clamp,  and  sight  to  the  second 
object  as  before.  The  reading  will  then  be  the  angle  desired.  An 
objection  to  this  is  that  the  two  Temiers  eeldom  read  alike.* 

After  one  or  more  angles  have  been  observed  from  one  point, 
the  telescope  most  be  directed  back  to  the  first  object,  and  the 
reading  to  it  noted,  so  as  to  make  sore  that  it  has  not  slipped.  A 
watch- telescope  renders  this  nnneceBsary. 

The  error  arising  from  the  instmrnent  not  being  set  precisely 
oTer  the  center  of  the  station  will  be  greater  the  nearer  the  object 
sighted  to.  Thns,  a  difference  of  one  inch  would  canse  an  error  of 
only  3"  in  the  apparent  direction  of  a~>i  object  a  mile  distant,  bat 
one  of  nearly  3'  at  a  distance  of  a  hnndred  feet 

'330.  Bedootlon  of  High  and  "Urn  Objects.  When  one  of  the 
objects  sighted  to  is  higher  than  the  other,  the  "  plunging  tele- 
scope" of  this  instrument  causes  the  angle  measured  to  be  the 
trtie  horizontal  angle  desired — i.  e.,  the  same  angle  as  if  a  point 
exactly  under  the  high  object  and  on  a  level  with  the  low  object 
(or  tt'ce  versd)  had  been  sighted  to.  For  the  telescope  has  been 
caused  to  move  in  a  vertical  plane  by  the  third  adjustment,  and 
the  angle  measured  is  therefore  the  angle  between  the  vertical 
planes  which  pass  through  the  two  objects,  and  which  "project" 
the  two  lines  of  sight  on  the  same  horizontal  plane. 

This  constitutes  the  great  practical  advantage  of  these  instra- 
ments  over  those  which  are  held  in  the  planes  of  the  two  objects 
observed,  such  as  the  sextant  and  the  "  circle,"  much  used  by  the 
French. 

331.  Notation  of  Anglei.  The  angles  observed  may  be  noted 
in  varioQS  ways.     Thus,  the  observation  of  the  angle  ABC,  in 

*  Tbe  learner  vill  do  well  to  gauge  hia  own  pred^oD  ■□■]  that  itf  the  inatrunieiit 
(and  he  ms;  rest  a«Biired  that  hia  own  irill  be  the  one  obiefl;  in  fanit)  b;  measnring, 
[rou  ui;  BUiion,  the  aiiglea  between  ancceBaive  poinM  all  aroimd  bim,  till  ha  gets 
back  to  tbe  first  point,  beglimiiig  at  different  parte  oC  the  circle  for  e»ch  angle.  Tha 
aum  of  oil  the»e  angles  thotiid  eioctl;  equal  SSO°.  He  will  probabl;  find  qnits  » 
diftereno*  from  that. 
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Fig.  241,  may  be  noted  "  At  B,  from  A  to  C,  150*,"  or,  better, 
"At  B,  between  A  and  0,  150°."    In  column  form,  tbis  becomes 
Between  AlSO'land  0. 
At        I   B  I 

Wben  the  Temier  had  been  set  at  zero  before  sighting  to  the 
first  object,  and  other  objects  were  then  sighted  to,  those  objecte, 
the  readings  to  which  were  less  than  180°,  will  be  on  the  left  of  the 
first  line,  and  those  to  which  the  readings  were  more  than  180°  will 
be  on  its  right,  looking  in  the  direction  in  which  the  sarrej  is  pro- 
ceeding, from  A  to  B,  and  so  on. 

In  snnreying  a  f«:m,  the  angle  of  deflection  at  station,  or  tAe 
traverse  angle,  ma;  be  noted,  together  with  the  lengths  of  the 


388.  To  repeat  an  Angk.  Begin  as  in  Art.  329,  and  measure 
the  angle  as  there  directed.  Then  anclamp  below,  and  turn  the 
circle  aroand  tilt  the  telescope  is  ^ain  directed  to  the  first  object, 
and  made  to  bisect  it  precisely  by  the  lower  tangeot-screw.  Then 
Dnclamp  above  and  turn  the  vernier-plat«  till  the  telescope  ^ain 
points  to  the  second  object,  the  first  reading  remaining  nnchanged. 
The  angle  will  now  have  been  moasnred  a  second  time,  bnt  on  a 
part  of  the  circle  adjoining  that  on  which  it  was  first  measured, 
the  second  arc  beginning  where  the  first  ended.  The  difference  be- 
tween the  first  and  last  readings  will  therefore  be  twice  the  angle. 

This  operation  may  be  repeated  a  third,  a  fonrth,  or  any  oam- 
ber  of  times,  always  torning  the  telescope  back  to  the  firet  object 
by  the  lower  moTement  (so  as  to  start  with  the  reading  at  which 
the  preceding  observation  left  off),  and  taming  it  to  the  second 
object  by  the  upper  movement.  Take  the  difference  of  the  first 
and  last  readings  and  divide  by  the  number  of  observations. 

The  advantage  of  this  method  is  that  the  errors  of  observation 
(i.  e.,  sighting  sometimes  to  the  right  and  sometimes  to  the  left  of 
the  true  point)  balance  each  other  in  a  number  of  repetitions, 
while  the  constant  error  of  graduation  is  reduced  in  proportion  to 
tbis  number.  This  heantiful  principle  has  some  imperfections  in 
practice,  probably  arising  from  the  slipping  and  straining  of  the 
clampa. 
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833.  Aagln  of  Deflection.  The  angle  of  deflection  of  one  line 
from  another  is  the  angle  which  one  line  makes  with  the  other  line 
prodnoed.  Thus,  in  the 
figare,  the  angle  of  deflec- 
tion of  B  C  from  A  B  is 
B'BO.  It  is  eridently  the 
supplement  of  the  angle 
ABC. 

To  measare  it  with  the  Transit,  net  the  inetniment  at  B,  direct 
the  telescope  to  A,  and  then  tarn  it  over.  It  will  now  point  in  the 
direction  of  A  B  produced,  or  to  B',  if  the  second  adjustment  haa 
been  performed.  Note  the  reading.  Then  direct  the  telescope  to 
0.  Note  the  new  reading,  and  their  difference  will  be  the  re- 
quired angle  of  deflection,  B'  B  0. 

If  the  remier  be  set  at  zero  before  taking  the  first  observation, 
the  readings  for  objects  on  the  right  of  the  first  line  will  be  leu 
than  180°,  and  more  than  180°  for  objects  on  the  left,  oonverselj 
to  Art  331. 

334.  Line-BnrTeying.  The  surrey  of  a  line,  snob  as  a  road, 
etc.,  can  be  made  bj  the  transit  with  great  precision,  measuring 
the  angle  which  each  line  makes  with  the  preceding  line,  and 
noting  their  lengths,  and  the  necessary  offsets  on  each  side. 

Short  lines  of  sight  should  be  avoided,  since  a  slight  inaccuracy 
in  setting  the  center  of  the  instrament  exactly  over  or  under  the 
point  previoosly  sighted  to  would  then  much  affect  the  angle. 
Very  great  accuracy  can  be  obtained  by  using  three  tripods.  One 
would  be  set  at  the  first  station  and  sighted  back  to  from  the 
instrament  placed  at  the  second  station,  and  a  forward  sight  be 
then  taken  to  the  third  tripod  placed  at  the  third  station.  The 
instrument  would  then  be  set  on  this  third  tripod,  a  back-sight 
taken  to  the  tripod  remaining  on  the  second  station,  and  a  fore- 
sight taken  to  the  tripod  brought  from  the  first  station  to  the 
fourth  station,  to  which  the  instrament  is  next  taken,  and  bo  on. 
This  is  especially  valuable  in  surveys  of  mines. 

The  field-notes  may  be  taken  as  directed  in  compass-surveying, 
the  angles  taking  the  place  of  the  bearings.     The  "checks  by 
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mteisectiiig  bearinge,"  before  explained,  should  also  be  employed. 
The  aogles  made  oq  each  side  of  the  stationB  ma;  both  be  meas- 
ured, and  the  equality  of  their  sum  to  360°  would  at  onoe  prore 
the  accuracy  of  the  work. 

If  the  magnetic  bearing  of  any  one  of  the  lines  be  given,  and 
tiiat  of  any  of  the  other  lines  of  the  series  be  required,  it  can  be 
deduced  by  constructing  a  diagram,  or  by  modifications  of  the 
rules  giTen  for  the  rereree  object. 

8Sfi.  TiaTudng ;  or,  mrreTing  by  the  Baok-Angle.  This  is  a 
method  of  observing  and  recording  the  different  directions  of  suc- 
cessive portions  of  a  line 
(such  as  a  road,  the  bound- 
aries of  a  farm,  etc.),  so  as 
to  read  off  on  the  instru- 
ment, at  each  station,  the 
angle  which  each  line 
makes — ^not  with  the  pre- 
ceding line — but  with  the  first  line  observed,  or  some  other  con- 
stant line.  This  line  is,  therefore,  called  the  meridian  of  that  sur- 
vey. 

The  operation  consists  essentially  in  taking  each  back-sight  by 
the  lower  motion  (which  turns  the  circle  without  changing  the 
reading),  and  taking  each  forward  sight  by  the  upper  motion, 
which  moves  the  vernier  over  the  arc  measuring  the  new  angle ; 
and  thus  adds  it  to  or  subtracts  it  from  the  previous  reading. 

Set  np  the  instrument  at  some  station,  as  B  ;  put  the  vernier  at 
zero,  and,  by  the  lower  motion,  sight  back  to  A.  Tighten  the 
lower  clamp,  reverse  the  telescope,  loosen  the  upper  clamp,  aighb 
to  G  by  the  upper'  motion,  and  clamp  the  vomier-plate  again.  Be- 
move  the  instrument  to  G,  sight  back  to  B  by  the  lower  motion. 
Then  clamp  below,  reverse  the  telescope,  loosen  the  upper  clamp, 
and  sight  to  D  by  the  upper  motion.  Then  go  to  D  and  pro- 
ceed as  at  0 ;  and  so  on.  Tlie  reading  gives  the  angles  meaanred 
to  the  right  or  "with  the  sun,"  as  shown  by  the  arcs  in  the 
figure. 

Care  should  be  taken  to  keep  the  same  side  of  the  iDstmment 
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ahead,  and,  if  only  ooe  vemier  is  read,  to  read  from  the  same  rer- 
nier. 

The  chief  advantage  of  this  method  is  \ta  greater  rapidity  in 
the  field  and  in  platting,  the  angles  being  all  laid  down  from  one 
meridiati,  as  in  oompasB-aorveTing. 

836.  Vse  of  the  CompaM,  The  chief  use  of  the  compass  at- 
tached to  a  transit  is  as  a  check  on  the  obserrations ;  for  the 
difference  between  the  magnetio  bearings  of  any  two  lines  should 
be  the  same,  approximately,  as  the  angle  between  them,  measnied 
by  the  more  accnrate  instnimenta.  The  bearing  also  prevents  any 
ambiguity  as  to  whether  an  angle  was  taken  to  the  right  or  to 
the  left. 

The  instmment  may  also  be  need  like  a  simple  compass,  the 
telescope  taking  the  place  of  the  eights,  and  reqoiring  similar  tests 
of  Bccnracy.  A  more  precise  way  of  taking  a  bearing  is  to  torn 
the  plate  to  which  the  compass-box  is  attached,  till  the  needle 
points  to  zero,  and  not«  the  reading  of  the  vernier ;  then  sight  to 
the  object,  and  again  read  the  vernier.  The  bearing  will  thna  be 
obtained  more  minutely  than  the  divisions  on  the  compaas-box 
could  give  it. 

337.  TUngtng  out  Linet.  This  is  the  converse  of  enrveying- 
lines.  The  instmment  b  fixed  over  the  first  station  with  great 
precision,  its  telescope  being  very  carefully  adjusted  to  move  in  a 
vertical  plane.  A  series  of  stakes,  with  nails  driven  in  their  tops, 
or  otherwise  well  defined,  are  then  set  in  the  desired  line  as  far  aa 
the  power  of  the  instmment  extends.  It  is  then  taken  forward  to 
a  stake  three  or  four  from  the  hist  one  set,  and  is  fixed  over  it, 
first  by  the  plnmb  and  then  by  sighting  backward  and  forward  to 
the  first  and  last  stake.  The  line  is  then  continned  as  before.  A 
good  object  for  a  long  sight  is  a  board  painted  like  a  target,  with 
black  and  white  concentric  rings,  and  made  to  slide  in  grooves  cnt 
ID  the  tops  of  two  stakes  set  in  the  ground  about  in  the  line.  It 
is  moved  till  the  vertical  hair  bisects  the  circles  (which  the  eye 
can  determine  with  great  precision),  and  a  plnmb-line  dropped 
from  their  center  gives  the  place  of  the  stake.  "  Mason  and  Dix- 
on's Line"  was  thus  ranged. 
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Wlien  the  transit  ie  used  for  ranj^ng,  tto  "Second  Adjost- 
meiit "  is  moBt  important,  to  manre  the  accuracy  of  the  reversal  oi 
ita  telescope. 

338.  TanB-Siirveyitig,  etc  A  farm  can  be  muoh  more  aoca- 
rately  sorrejed  vith  the  transit  than  with  the  compass.  The  farm 
shooM  be  kept  on  the  right  hand,  and  then  the  angles  measared 
vill  be  the  snpplementB  of  the  interior  angles.  If  the  angles  to  the 
right  be  called  positive,  and  those  to  the  left  negative,  their  stge- 
braio  snm  should  equal  360°. 

If  the  boundary-lines  be  surveyed  by  "  Traversing,"  the  read- 
ing, on  getting  back  to  the  last  staUon  and  looking  back  to  the 
first  line,  sfaonld  be  360^  or  0°. 

The  content  of  any  snrface  surveyed  by  "  Traversing  "  with  the 
transit  can  be  calculated  by  the  traverse-table,  by  the  following 
modification :  When  the  angle  of  deflection  of  any  side  from  the 
first  fflde,  or  meridian,  is  less  than  90°,  call  this  angle  the  bearing, 
find  its  latitude  and  departure,  and  call  them  both  plus.  When 
the  angle  is  between  90°  and  180°,  call  the  difference  between  the 
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angle  and  180"  the  bearing,  and  call  iU  latittide  minus  and  its  de- 
partare^ItM.  When  the  angle  is  between  180°  and  370°,  call  its 
difference  from  180°  the  bearing,  and  call  its  latitnde  minm  and 
its  departure  miiai.s.  When  the  angle  is  more  than  270°,  call  its 
difference  from  3t!0°  the  bearing,  and  call  ite  latitude  plus  and  its 
departnre  minus.  Then  nse  these  as  in  getting  the  content  of  a 
oompasB-snrve;.  The  signs  of  the  latitudes  and  departures  follow 
Uioee  of  the  cosineB  and  sines  in  the  successive  quadrants. 

Fig.  244  is  a  plat  of  the  survey  worked  out  in  Art.  255. 

The  following  table  gives  the  deSectlon  angle  at  each  station, 
the  traverse  angle  (i.  e.,  the  angle  which  each  line  makes  with  the 
first  one),  and  the  reduced  bearing,  calling  the  first  line  (1  to  S) 
the  meridian  : 


«.-r.^. 

,..„,„„.« 

«.b™«. 

1 

3 
8 

4 
6 

8n' 

i 

0°  or  860" 
2684° 

North. 
N.  48i°  E. 
N.  88=  E. 
8.  l-E. 
8.  88i°  W. 

If  the  deflection  angle  at  station  1  (91^°)  be  added  to  the  trav- 
erse angle  at  station  5,  the  sum  will  be  360°. 

Any  side  may  be  taken  as  the  meridian  of  the  survey. 

If  the  true  bearing  of  one  side  be  known,  the  true  bearings  of 
the  other  sides  may  bo  determined  by  Art.  189. 

The  content  is  calculated  by  latitudes  and  departures,  as  in 
compass  -snrveyi  n  g. 

The  Utitudes  and  departures  may  be  taken  from  the  tables,  in- 
terpolating for  minutes  as  in  Art  243,  or  they  may  be  calculated 
with  a  table  of  natural  sines  and  oosines,  as  in  Art  240, 

EtampU.,  nKLD-BooE. 


«««». 

««-»,»,.«^o.. 

„«^,-c_^ 

82*  16' 

4-64 

86°  88' 

8-60 

B9°  30' 

4-15 

80'  «' 

4-83 

71°  41' 

8-36 
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\ 

-^ 

\ 

i 

3 

1 

1'000<» 
■06978 
■82871 
■89382 
■46061 

WTI-     i  D«PUn- 

LDBOI- 

,K«™^^j 

-  1   + 

- 

♦ 

- 

+no%(io'  + 

+  88°,  38'  + 
-34',     2'  + 
-48°,    4'- 

+  82%  IB'- 

464 
3-80 
4'IS 
422 

■00000 
■89827 
'011988 
•72015 
'88499 

4^64 

li-21 

i'e2 

8^ 

0-00 
8-69 

344  282 

2-98 

8-87.5^91 

287 
IC91 

0-00 
+  3  09 

+  9-00 
+  8-78 
+  8-87 

0-0000 
•7B89 

4-3824 

82-6800 
26-72M 

6-1168 

68-40H 
0-1183 

2)08-2891 

gqoue  chdiu,      S8-A44B 

3S9.  When  the  lengths  of  the  eides  are  meaanred  with  an  engi- 
neer'a  cbaio,  and  the  distances  are  determined  in  feet,  the  process 
of  calcnlating  the  area  is  the  same  as  for  chains  and  decimals.  The 
area  is  obtained  in  sqnare  feet  instead  of  sqnare  chains,  and  to 
reduce  it  to  acres  it  will  be  necessary  to  divide  by  13560,  the  nnm- 
ber  of  sqnare  feet  in  an  acre. 

340.  Platting.  Anj  of  these  Burveys  can  be  platted  by  any  of 
the  methods  explained  and  characterized  in  Chapter  III.  A  circti> 
lar  protractor  may  be  regarded  as  a  theodolite  placed  on  the  paper. 
"  Platting  Bearing "  can  be  employed  when  the  snrrey  has  been 
made  by  "  Traversing."  Bnt  the  method  of  "  LaUtndee  and  de- 
partnres"  is  by  far  the  most  accurate. 

TlUt  ORADUUI  'I'JUL 

SU.  This  is  an  attachment  to  the  transit  for  determining  grades 
ind  distances.  It  consists  of  an  arm,  attached  to  the  axis  of  the 
telescope,  and  a  micrometer-screw,  by  means  of  which  the  move- 
ment of  the  arm,  and  conseqaently  of  the  telescope,  can  be  accu- 
rately measured. 

The  arm  is  placed  on  the  inside  of  one  of  the  standards,  and  is 
attached  to  the  telescope  axis  by  means  of  a  clamp^orev,  so  tba* 
it  may  be  clamped  or  loosened  at  pleasure. 
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The  method  of  measuriDg  the  movement  of  the  arm  is  shown 
in  Fig.  345. 

C  is  a  section  of  the  axis  of  the  telescope.     B  is  the  arm,  which 

FiQ.  2  IB. 


is  clamped  to  the  asis  by  the  screw  D.  VL  is  the  micrometer-acrew. 
A  is  a  lip  projecting  from  a  plate  fastened  to  the  Btandarda. 

The  screw  is  accurately  cut,  bo  that  one  revolution  of  the  screw 
will  oanse  the  horizontal  cross-hair  of  the  telescope  to  move  oTer  a 
giren  space  (say  one  foot)  on  a  rod  held  at  a  given  distance,  ae  100 
feet.  The  head  of  the  screw  is  graduated  into  eqnal  parts,  usually 
60  or  too.  Above  the  graduated  head  is  a  scale  so  graduated  that 
one  revolution  of  the  screw  will  move  the  head  over  one  space  on 
the  scale.  Thus  the  number  of  whole  revolntions  given  to  the 
screw  may  be  read  on  the  scale,  and  the  parts  of  a  revolution  read 
on  the  graduated  head. 

The  point  of  the  screw  presses  against  the  lip,  A,  and  is  held 
firmly  against  it  by  the  opposing  spiral  spring,  S. 

When  the  arm  is  made  fast  to  the  axis  by  the  olamp-screw,  D, 
and  the  gradienter-screw,  M,  is  turned,  it  will  turn  the  telescope 
Tertically  on  its  axis,  and  the  distance  which  the  horizontal  cross- 
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hair  will  pass  over  on  a  rod,  toward  which  the  telescope  is  pointed, 
will  vary  directly  with  the  distance  from  the  transit  to  the  rod, 

342.  To  eatabliih  Oradet.  Let  as  enppose  that  one  revolation 
of  the  gradient«r -screw  will  move  the  horizontal  cross-hair  over  a 
space  of  one  foot,  on  a  rod  held  at  a  distance  of  100  feet  from  the 
transit.  Then,  to  set  grades,  we  have  only  to  level  the  telescope, 
clamp  the  gradienter-arm,  and  turn  the  micrometer-screw  through 
as  many  divisions  of  the  head  (graduated  into  100  parts)  as  there 
are  hundredths  of  a  foot  rise  or  fall  per  hundred  feet  of  horizontal 
distance ;  rising  the  croas-hair  for  an  np-grade,  and  Joweriog  it 
for  a  down-grade.  The  line  of  sight  will  then  be  on  the  required 
grade. 

If  the  transit  be  set  over  a  point  of  the  required  grade-line,  set 
the  target  on  the  rod  at  the  height  of  the  center  of  the  telescope- 
axis  above  the  given  point,  and  then  the  bottom  of  the  rod,  held 
at  any  point  on  the  line,  will  be  at  a  point  in  the  desired  grade- 
line  when  the  horizontal  croBs-hair  bisects  the  target. 

Thus,  if  the  grade  is  to  be  1-64  feet  per  hundred,  tarn  the 
acrew  one  entire  revolution  and  64  of  the  divisions  on  the  gradu- 
ated  head,  and  the  liue  of  sight  will  then  be  on  the  required  grade. 

343.  To  measure  Siftanoei.  When  the  ground  is  level  or  ap- 
proximately BO,  see  what  space  on  the  rod  the  horizontal  oross-bair 
moves  over  for  one  revolution  of  the  gradienter-screw.  Then  the 
distance  in  feet  will  be  equal  to  the  space  on  the  rod,  expressed  in 
feet  and  decimals,  multiplied  by  100. 

Thus,  if  the  spoco  on  the  rod,  moved  over  by  the  oroBs-hair 
for  one  pevolntion  of 

FiO.  346. 

E     the    gradienter  -  screw, 
was  4-27  feet,  the  dis- 
tance at  which  the  rod 
s  held  was  437  feet. 
For,  in  Fig.  246,  let 
A  he  the  position  of  the  transit ;  C  B,  the  reading  on  the  rod,  held 
at  a  distance  of  100  feet,  for  one  revolution  of  the  screw  ;  and  D  E 
the  space  passed  over  on  the  rod  for  one  revolution  of  the  sere* 
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wheQ  the   rod  is  held  at  the  nDknomt  distaoce  A  D,     It  ie  eri- 
dent  tbitt  the  triangles  ABC  and  A  D  E  are  aimiUr,  and  that 
OB:AB::ED:AD, 
or,     1  :  100  ;:  1-27:  427. 
If  the  rod  sighted  to  la  only  graduated  to  feet — as  an  ordinary 
transit-rod — find  how  many  rerolutlonB  and  parts  of  revolntione 
vill  move  the  horizontal  oroas-hair  over  a  whole  number  of  feet  on 
the  rod.     Then,  Bince  one  revolntion  of  the  screw  will  move  the 
croas-hair  over  a  space  of  one  foot  on  the  rod  at  a  distance  of  100 
feet,  we  have  the  proportion  :  As  the  namber  of  reTolntiona  of  the 
screw  (whole  nambers  and  deoimals)  is  to  100  feet,  so  is  the  nam- 
ber of  feet  passed  over  on  the  rod  by  the  cross-hair  to  the  required 
distance.     For,  from  Fig.  S46  we  have,  as  before : 
CB:AB  ::DE:AD. 
0  B  now  represents  what  the  reading  on  the  rod  (in  feet  and 
decimals),  held  at  a  distance  of  100  feet,  would  be  for  the  given 
nnmber  of  revolntions  :  A  B  is  100',  D  E  is  the  reading  on  the  rod 
in  feet,  and  A  D  is  the  required  distance. 

Sappose,  for  example,  the  gradienter-screw  be  turned  1'35 
time,  and  the  space  passed  over  on  the  rod  by  the  cross-hair  be  8 
feet.    Then  we  have  : 

1-26:  100::  5:  240. 
.*.  The  required  distance  is  240  feet, 

l^bUm. — When  no  gradaated  ri>d  is  available,  to  determine  a  dirtanee 
hj  neing,  in  place  of  a  rod,  a  stick  whose  length  can  afterward  be  meaenred. 

On  sloping  ground,  the  methods  given  will  apply,  if  the  rod  be 
held  perpendicular  to  the  line  of  sight.  This,  however,  is  not 
easily  done.  It  will 
be  better  to  apply 
methods  specially 
adapted  to  sloping 
ground. 


344.  On  Sloping 

Qronnd.       In    Fig,       »|*-       •■  ^^. 

847,   let  A   be    the  ..■^'^'' 

-,-        .  .,     .  ^h    ■' 

positit 


a  of  the  tran-     ^G" 
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Bit ;  Q  the  point  over  whioh  it  is  set ;  C  where  the  rod  is  held ; 
A  B  &  horizontal  line  through  the  axis  of  the  teleecope ;  A  G 
the  distance  from  the  horizontal  axis  of  the  telescope  to  the 
foot  of  the  rod  ;  and  C  D  the  distance,  on  a  Tertical  rod, 
passed  oTer  bj  the  horizontal  oross-hair  for  one  revolution  of 
the  gradienter-Bcrew.  Let  0  F  be  perpendicular  to  A  0,  aud 
D  B  to  A  B. 

Bepresent  the  angle  of  eleration,  BAG,  by  e,  the  angle  GAD 
b;  »,  and  the  distance  D  0  by  jI;.     Then  we  hare  : 
DB  =  DC  +  CB. 
.  •.  A  B  tan.  («  +  e)  =  t  +  A  B  tan.  e, 

andAB  =  -^ ^— -^r . 

tan.  («  +  e)  —  tan.  e 

For  GODTenience  of  compntation,  this  may  be  pat  in  another 

fonn.     Add  and  subtract  100  k,  and  we  have  : 

AB  =  100ifc-100*+i .— i-4 — r— • 

tan.  (s  +  f )  —  tan.  e 

And,  since  tan.  s  =  j^, 
AB=  100  A  -  J:  (100  Bin.  e  +  cos.  c)  sin.  e. • 

The  quantity  (100  sin.  e  -{-  cos.  e) 
sin.  e,  for  angles  from  1'  to  20°  will 
be  fonnd  in  the  table  for  the  gradi- 
enter.     Hence  the  mle  : 

Multiply  the  rod-reading  by  100, 
and  deduct  the  product  of  the  rod- 
reading  by  the  tabular  number  corre- 
sponding to  the  angle  of  elevation,  e. 
The  result  will  be  the  horizontal  dis- 
tance A  B. 

Example.  Angle  of  elevation,  4°; 
rod-reading,  S-63  feet 

3-63x100  =  263 
2-63  X     .5=      1-3 

Horizontal  diatance,  361*7 
The  table  for  the  correction  is  com- 
puted to  tenths  only,  ae  the  unaroid- 

*  Thii  formaU  aod  Uble  la  b;  Prof.  T.  W.  Wright. 


TABLE  FOB  SaADISIfTBR. 


AHOLBOF 

nXTATION. 

0° 

■0 

a" 

■a 

8° 

■8 

4" 

■6 

6° 

■8 

6° 

1-2 

7° 

1-6 

i- 

21 

9- 

2-6 

10° 

8-S 

11° 

S-8 

4-6 

18° 

6-8 

U" 

fl-1 

18° 

18° 

r-9 

ir 

8-8 

18" 

e-8 

19° 

10-9 

40° 

120 
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able  errors  in  nBiug  the  inatrament  would  render  an;  moie  exaot 
compntation  aselesa. 

For  ordinarj  caaes,  when  the  angle  of  elevation  is  small,  the 
oompntatiou  for  the  distance  and  correotion  can  he  made  mentallj, 

346.  The  horizontal  distance,  AB,  is  the  one  almost  alwayB 
required,  as  all  measorementB  of  distanoea  in  Barveying  and  engi- 
neering should  he  made  horizontally. 

The  distance  from  the  transit  to  the  point  at  vhloh  the  rod  ia 
held  (i.  e.,  A  C)  is  equal  to  the  horizontal  distance,  A  B,  dirided 
by  cos.  e. 

The  distance  G  0  may  he  found  by  Bolving  the  triangle  0  A  0, 
of  Thich  the  sides  A  G  and  A  0,  and  the  inoloded  angle  U  A  &,  axe 
known. 

When  the  angle  e  is  an  angle  of  depTession,  the  top  of  the  rod 
is  taken  for  the  point  G,  aud  the  distance  0  D  is  measured  down* 
ward  from  the  top  of  the  rod. 

In  using  the  miorometer-sorew,  care  most  he  taken,  when  meas- 
uring, to  always  turn  the  screw  in  the  same  direction,  in  order 
to  avoid  any  lost  motion  in  the  screw.  In  determining  the  spaoe 
passed  over  by  the  cross-haii  for  one  revolntioD  of  the  screw,  set 
the  screw  back  of  the  first  reading,  and  bring  it  up  by  turning  the 
screw  in  the  same  direction  in  which  it  is  to  be  tamed  for  making 
the  measurement 

THB  STASIA  OB  TXUEKBXBB. 

346.  On  the  cross-hair  ring  of  the  telescope  stretch  two  more 
horizontal  cross-hairs  of  spider-web  or  platinum  wire,  at  equal 
distances  above  and  below  the  original  one.  The  two  additional 
wires  are  called  Stadia  WKrea.  The  stadia  wires  may  be  either 
fixed  or  adjustable.  In  the  former  case  they  may  be  attached 
directly  to  the  cross-hair  ring.  When  they  are  adjustable,  each 
may  be  fastened  to  a  separate  slide,  aotoated  by  a  capstan-screw  on 
the  outside  of  the  telescope-tube,  as  shown  in  Figs.  348  and  249. 

The  slides  to  which  the  stadia  wires  h  h  and  e  c  are  attached  are 
held  apart  by  the  hoop-spring,  shown  in  the  figure,  and  are  ad- 
Joated  by  the  capstan-screws  dd. 
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It  IB  evident  that,  in  looking  through  the  telescope  at  a  groda- 
ated  rod,  a  certain  portion 

ftO-MS.  F.0.M9.  ^,   tijg    ^   ^11    y^    j^t^^. 

cepted  between  the  stadia 
wires,  and  that  the  greater 
the  distance  at  which  the 
rod  is  held,  the  longer  will 
be  the  space  on  the  rod  in- 
tercepted by  the  gtadia 
wires. 

Eeferring  to  Art.  287, 
Fig.  301,  we  see  that  the 
objective  of  the  telescope  forms  an  image,  B,  of  the  arrow,  A. 
A  ma;  represent  the  part  of  the  rod  intercepted  b;  the  stadia 
wires,  and  B  the  distance  between  the  wires.  The  farther  the  rod 
ifl  carried  from  the  telescope,  th«  nearer  the  image  is  formed  to 
the  objective.  If  the  rod  were  at  an  infinite  distance,  the  image 
would  be  formed  at  the  principal  focus  of  the  objective. 

Call  the  distance  of  the  principal  focna  from  the  lens,  f;  the 
distance  from  the  lens  to  the  rod  held  at  any  point,  p ;  the  dis- 
tance from  the  lens  to  the  image,  g;  the  space  intercepted  on 
the  rod  by  the  stadia  wires,  k;  and  the  distance  apart  of  the  stadia 
wires,  a. 

As  p  increases,  k  increases,  q  decreases,  and  a  remaina  conetant. 
From  similar  triangles.  Fig.  201,  we  have : 

p:q::S::a,  [1.] 

and  from  the  principles  of  optics — 

From  [1]  £-  -. 
Prom  p]  i=t-i. 

.-.£-1  =  *. 
/  « 

«.dy={i+/.  [8.] 
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Formnla  [3]  is  not  perfectly  aoctiTatd,  as  p  and  q  are  measured 
from  the  surface  of  the  lens  instead  of  its  center,  and  the  objective 
of  the  telescope  is  not  a  simple  donble-convex  lens.  It  is,  how- 
eyer,  BafBciently  exact  for  this  purpose. 

We  see  by  the  formnla  [3]  that,  as  /  and  a  are  constants,  the 
distance,  p,  from  the  objective  to  the  rod  is  eqnal  to  the  reading 
on  the  rod,  mnltiphed  by  a  constant  quantity,  plus  the  principal 
focal  distance  of  the  objective.  To  obtain  the  distance  from  the 
center  of  the  instrnment  to  the  rod,  it  is  also  necessary  to  add  the 
distance  from  the  center  of  the  instrument  to  the  objective.  OaJl 
this  distance  e.  Then,  for  the  distance  from  the  center  of  the  in> 
stniment  to  the  rod,  we  have : 

distance  =i.  h  ■\- f -\- c.  [t] 

The  distance  from  the  objective  to  the  center  of  the  tnatmmenb 
is  not  precisely  the  same  for  all  lengths  of  sight.  The  farther  o£f 
the  object  sighted  to  is,  the  nearer  the  image  will  be  formed  to  the 
objective,  and  hence  the  objective  must  be  drawn  in,  in  order  that 
the  image  may  be  formed  at  the  cross-hairs.  When  the  object 
sighted  to  is  near,  the  image  is  formed  farther  from  the  objective, 
and  the  objective-slide  must  be  moved  out  in  order  that  the  image 
may  be  formed  at  the  cross-hairs.  Hence,  we  see  that  the  quantitj 
e  is  not  rigidly  con-  ^^^  ^^^ 

stant.  The  differ- 
ence in  value,  how- 
ever, is  not  enough 
to  be  taken  into 
consideration.  A 
mean  value  of  c  can 
be  determined  by 
sighting  to  some 
object  at  a  distance 
of  the  mean  length 
of  sight  (say  five 
hundred  feet),  and 

then  measuring  the  distance  from  the  objective  to  the  center  of 
the  telescope-asis. 
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347.  Formula  [4]  is  for  level  gronnd.  For  slopiug  ground,  this 
mnst  be  modified.  Iq  Fig.  250  let  A  be  the  center  of  the  telescope- 
azis ;  C  E,  the  reading  on  the  rod ;  D,  the  point  on  the  rod  where 
the  center  cross-hair  intersects  the  rod ;  A  B,  the  horizontal  dis- 
tance; H,  a  point  in  front  of  tiie  object-glass,  and  at  a  distance 
equal  to  its  focal  length ;  0,  the  angle  of  elcTation ;  U  L,  perpen- 
dicular to  the  line  of  sight;  /,  a,  c,  and  it  as  in  [4].  Then  we 
have ;  f 

H  L  =  0  E  cos.  e=:k.  cos.  e  and  H  D  =  ~;E;  cos.  t. 
a 

HI  =  IIDcoB.e=^*  COS."  e. 
a 

AB  =  AN  +  NB(  =  H1). 
.  ■ .  A  B  =  -^i  coB.»  c  +  {c  +/)  COS.  fl.  [6.] 

The  height  B  D  =  A  B  tan.  o 

BD  =  4  25^'+(.+/),i„..  [6.] 

To  find  the  value  of  a  in  any  case,  measure  oS  from  the  point 
over  which  the  instniment  is  set  a  base-line,  B  (say  one  thousand 
feet),  and  hold  the  stadia-rod  at  the  farther  end.  Let  the  reading 
on  the  rod  be  i'. 

Then,  by  [4]  B  =  ^i'-j-/-|-c, 

and  0  =  jj---> — -. 
B  ~f~c 

SabstitiiMng  this  value  of  a  in  equations  [5]  and  [6],  we  have: 
Horizontal  distance  =  -r,  {B—/—c)  cos.*  e +  {<;+/)  cos.  e.      [7.] 

c)  sin.  2e+{c+f)  sin.  e.     [8.] 

348.  The  Stadia- Tables  *  given  in  this  volume  were  calculated 
from  formulas  [7]  and  [8],  using  the  following  values: 

The  measured  base,  B  =  1,000  feet,  and  /;'  =  the  reading  on 
the  rod  for  that  distance — i.  c.,  the  distance  indicated  by  the  stadia- 
reading  is  1,000  feet. 

*  Ckloulftted  b;  Alfred  Koble  uid  William  T,  Cugnin,  and  nwd  on  th«  Dnitad 
BUtes  L«k«  Surre;. 
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(c+/)  =  l-4  feet. 

The  quantities  ia  the  columns  headed  a  and  b  are  computed 
respectivel;  from  the  ezpreseions  (c  +/)  coe.  e,  and  (c  +/)  sin.  «, 
in  the  formulas.  They  are  constant  for  all  readings  if  the  angle  t 
remains  the  same. 

The  horizontal  diatances,  and  the  differences  of  level,  are  com- 
puted by  the  tables  iu  a  manner  similar  to  that  employed  in  calcu- 
lating latitudes  and  departures  with  a  table. 

Example.  Let  e=  i°  27',  and  k  =  reading  corresponding  to 
1,384  feet  when  the  ground  is  horizontal. 

Take  from  the  table  as  followE: 

HORIZONTAL  DIBTASCE.  DITFXBEMCB  OP  LEVEL. 

PorLOOO 992-6  Porl,000 077-2 

"      800 297-78  "      800 23-17 

80 79-407  "        80 8-180 

4 8-9708  "         4 -..        -8090 

"(c  +  f)cos.e....        1-3958  **  (c  +  ()  ein.  e 1086 

1876-1681  I0«-907e 

The  difference  of  level  given  by  formula  [8]  is  D  B,  the  differ- 
ence between  the  elevadon  of  the  axis  of  the  telescope  at  A  and 
the  point  where  the  central  cross-wire  strikes  the  rod  at  D.  The 
point  D  npon  the  rod  should  be  taken  at  s  height  above  the  ground 
equal  to  the  height  of  the  teleacope-axis  (A)  above  the  ground  at 
that  point  Then  the  difference  of  level,  D  B,  will  be  the  difference 
in  elevation  of  the  ground  at  the  two  points. 

If  the  point  D  is  not  taken  as  above,  the  difference  between  the 
height  of  the  instrument  and  the  height  of  the  point  D  above  the 
ground,  must  be  applied  as  a  correction  to  the  difference  of  level 
obtained  by  the  formula  in  order  to  get  the  true  difference  in 
elevation  of  the  ground  at  the  two  points. 

849.  The  stadia-wires  may  be  adjusted  to  ose  with  a  rod  already 
graduated  to  feet  and  decimals,  or,  if  the  wires  are  fixed,  a  rod  may 
be  graduated  to  suit  the  wires. 

When  the  wires  are  fixed  the  necessity  of  verifying  their  dis- 
tance at  the  beginning  and  end  of  each  survey,  and  the  introduction 
of  an  error  dne  to  their  changing  during  the  work  is  avoided. 


^dbvGoo^^lc 


240  LAND-SURVBY'INO. 

The  advantage  of  having  the  wires  adjnstable  is  that  the;  may 
be  set  so  as  to  use  any  stadia-rod  previously  graduated,  or  a  self- 
reading  level-rod. 

360.  The  method  to  be  used  in  graduating  a  rod  will  depend 
upon  the  table  to  be  used  in  the  reduction  of  the  notes.  If  the 
tables  given  in  this  volume  are  to  be  used,  the  following  method 
should  be  adopted : 

A  level  base  (B)  of  1,000  feet  shoald  be  measured,  and  the 
instrument  set  up  at  one  end  of  tbe  base  and  the  rod  at  the  other. 

To  graduate  a  rod  for  fixed  wires,  divide  the  distance  inter- 
cepted on  the  rod  into  ten  equal  parts,  each  of  which  will  represent 
100  feet 

Generally,  when  the  wires  are  not  fixed,  they  are  adjusted  so 
that  one  foot  is  included  between  the  wires  at  a  given  distance 
(50  or  100  feet)  plus  the  constant  (c  +/).  Suppose  the  space  in- 
cluded between  the  wires  was  one  foot,  at  a  distance  from  the 
center  of  the  instrument  of  100  feet  +  (c  +/).  Then,  if  the  read- 
ing on  the  rod  held  at  some  unknown  distance  was  3*46  feet,  the 
dbtance  would  be  346  feet4-(c+/). 

If  the  wires  are  fixed,  measure  off  from  the  center  of  the  instru- 
ment 500  feet  -f-  (c  -(-/),  and  note  the  space  on  the  rod,  intercepted 
by  the  cross-hairs  at  that  distance.  Divide  this  space  into  five  equal 
parts,  subdivide  the  parts  to  tenths  and  hundredths,  and  graduate 
the  remainder  of  the  rod  with  similar  divisions.  This  rod  can  then 
be  used  in  the  same  way  as  the  rod,  graduated  to  feet,  was  in  the 
first  case.  Suppose,  on  holding  up  this  rod  at  an  unknown  dis- 
tance, that  the  stadia-wires  intercepted  3  6?  of  the  parts.  Then 
the  distance  is  367  feet-f-(c-|-/). 

If  the  wires  be  adjustable,  and  it  is  desired  to  use  a  rod  previ- 
ously graduated,  set  up  the  rod  and  instrument  as  before  and  adjust 
the  distance  between  the  wires  until  the  reading  on  the  rod  gives  the 
length  of  the  base — i.  e.,  1,000  feet.  Headings  taken  with  the  above 
rods  and  reduced  with  the  aid  of  tables  given  will  give  correct  re- 
sults only  with  instruments  for  which  (/-f  c)  =  1-4  foot,  the  tables 
having  been  computed  assuming  that  value.  With  instritments  for 
which  {f-\-  e)  has  a  different  value  there  will  be  an  error,  not,  how- 
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erer,  greater  than  the  small  difference  betweeo  1-4  and  this  con- 
stant for  the  inatrument  aged. 

An  inepectioD  of  the  formnlie  shows  that  the  distance  inter- 
cepted on  the  rod  Tariea  directly  with  its  distance  from  a  point  a 
diatance  (/-j-  c)  in  front  of  the  instrument.  If  the  rod  were  held 
at  a  distance  SOO  feet  plas  (/+  c),  the  distance  intercepted  on  the 
rod  would  be  just  twice  aa  great  as  when  the  rod  was  held  at  a  dis- 
tance 100  feet  plus  (/+  c). 

The  distance  is  more  conveniently  read  when  one  of  the  wires, 
uauallj  the  lower,  is  set  upon  an  even  division  of  the  rod,  than  when 
the  central  wire  is  set  on  the  division  corresponding  to  the  height 
of  the  instrument.  If  the  reading  be  made  in  the  part  of  the  rod 
near  which  the  center  wire  should  be  set  in  reading  the  vertical 
angle,  there  will  be  no  appreciable  error  in  the  distance  read.  But 
before  reading  the  vertical  angle  the  center  wire  should  be  set  aa 
described  above. 

The  formuln  for  the  reduction  of  notes,  taken  using  rods  gradu- 
ated according  to  this  method,  may  be  written  as  follows  by  snb- 


the  rod. 

AB  =  R  coB.»  e+  (/+c)  cos.  e.  [5'.] 

B  D  =  R  i  sin.  2  e  +  {/+  c)  sin.  e.  [6^] 

The  best  tables  for  the  reduction  of  notes  by  the  above  formulae  are 
W.  Jordan's  Tables  Tachymfetriques,  published  by  Gauthier-Viilars, 
Quai  des  Augustins  55,  Paria  These  tables  give  R  cos.*  e  and 
E  i  sin.  2  e  for  values  of  R  from  10  to  260  and  for  values  of  e  as 
high  as  are  ever  needed. 

In  all  graphic  diagrams  for  the  reduction  of  stadia  notes  R  cos.'  e 
and  R  i  sin.  2  a  are  the  quantities  determined.  The  quantities 
(y-j-c)  COS.  a  and  (/  +  c)  sin.  e  must  be  added  as  a  correction  in 
the  use  either  of  the  above  tables  or  graphic  diagrams. 

The  rod  may  be  supplied  with  one  or  two  targets,  or  may 
be  used  as  a  "  speaking-rod  "—that  is,  it  may  be  graduated  and 
marked  bo  as  to  be  read  by  the  observer  at  the  instrument. 

For  forms  of  targets,  and  methods  of  graduating  and  marking 
rods,  see  subject  "Rods,"  Chapter  Vlil. 
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868.  The  obstadee,  saoh  as  trees,  booses,  hills,  vsUeys,  riven^ 
etc,  which  prevent  the  direct  alinemeiit  or  measurement  of  an] 
desired  coarse,  can  be  overcome  much  more  easily  and  preoisel; 
with  any  angular  instmment  than  with  the  chun,  methods  toi 
asing  which  were  explained  in  Ohapter  II.  They  will,  however, 
be  taken  np  in  the  same  order.  As  before,  the  given  and  measnred 
lines  are  drawn  with  fine  fall  lines  ;  the  visual  lines  with  broken 
linee  ;  and  the  lines  of  the  resalt  with  heavy  fall  lines.  Part  of 
the  demonstrations  of  the  problems  are  given,  and  part  are  left  M 
exercises  for  the  stadent. 

PKRPEHDI0UIAB8  Ain>  FASAUiEUL 
854,  EreotlBif  Ferpendienlars.  To  erect  a  perpendicular  to  o 
line  at  a  given  point,  set  the  instrament  at  the  given  pointy  and,  if 
it  be  a  compass,  direct  its  sights  on  the  line,  and  then  tarn  them 
till  the  new  bearing  differs  90°  from  the  original  one.  A  conven- 
ient approximation  is  to  file  notches  in  the  compaas-plate,  at  the 
00°  points,  and  stretch  over  them  a  thread,  sighting  across  which 
will  give  a  perpendicalar  to  the  direction  of  the  sights. 

The  transit  being  set  as  above,  note  the  reading  of  the  vernier, 
and  then  tarn  it  till  the  new  reading  la  90°  more  or  leas  than  the 
former  one. 

3S5.  To  erect  a  perpendicular  to  an  inaceasibU  line,  at  a  given 
point  of  it.  Let  A  B  be  the  line  and  A  the  poinL  Galcalate  the 
distance  from  A  to  any  point  G,  and  the  angle  0  A  B,  by  Uu 
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method  of  Art.  381.     Set  the  ioBtrament  f^o. 

at  0,  sight  to  A,  turn  an  angle  =  0  A  B, 
and  measure  in  the  diieotion  thoB  ob- 
tained a  distance  0  P  =s  C  A  .  cos,  0  A  B. 
PA  will  be  the  required  perpendicular. 


Fib.  Ui. 


866.  Xfltting  &II  Feipendionlarfc  To 
lei  fall  a  perpendicular  to  a  line  from  a  given  point.  With  the 
compass,  take  the  bearing  of  the  given  line,  and  then  from  the 
given  point  mn  a  line,  with  a  bearing  differ* 
ing  90°  from  the  original  bearing,  till  it 
reaches  the  given  line. 

With  the  transit,  set  it  at  any  point  of 
the  given  line,  as  A,  and  observe  the  angle 
between  this  line  and  a  line  thence  to  the 
'^  given  point,  P.  Then  set  at  P,  sight  to  the 
former  position  of  the  inatrnment,  and  tnrn  a  number  of  degrees 
equal  to  what  the  observed  angle  at  A  wanted  of  90°.  The  in- 
etrnment  vrill  then  point  in  the  direction  of  the  required  per- 
pendioolar  P  B. 


X. 


Fid.  26% 


307.  To  let  fall  a  perpendicular  to  a  line  from  an  inaceessiMi 
point.  Let  A  B  be  the  line  and  P  the 
point.  Measore  the  angles  P  A  B  and 
F  B  A.  Measure  A  B.  The  angles  A  P  0 
and  B  P  0  are  known,  being  the  comple- 
ment of  the  angles  measured.  Then 
tan.APC 


ie  A  G  =  A  B  . 


tan.  APO-1-tan.BPO' 


iVo/.-  AO  =  PO.tan.  APOjand  OB=PO.taii.  BPO  [Trigo- 
ai»Detr7,  Art.  4]. 

Henoe  AO  :  OB  ::  tan.  APO  :  tan.  BPO:  and 

AO:AO  +  OB::tan.  APOrtan.  APO  +  tan.  BPO. 
tan.  APO 

OonaMnently,an<»AO  +  OB  =  AB,  A0  =  AB.— T^r:;. 

^  tan-APO  +  tan.BPO 

368.  T^htfaUa  perpendicular  to  an  inaccessible  line  from  a 
given  point.    Let  0  be  the  point  and  AB  the  line.     Oalculat«  the 


^dbvGoO^^lc 


LAND-SURVEriNO. 

angle  C  A  B  by  the  method  of  Art  SSL 
Set  the  instrameot  at  C,  sight  to  A, 
and  torn  an  angle  =  90  —  C  A  B.  It 
will  then  point  in  the  direction  of  the 
reqnired  perpendicnlar,  0  E. 

369.  Bnnning  FaralleU  To  trace  a 
line  through  a  given  point  parallel  to  a  given  line.  Wi  th  the  com- 
pass, take  the  bearing  of  the  given  line,  and  then,  from  the  given 
point,  mn  a  line  with  the  same  bearing. 

With  the  transit  or  theodolite,  set  it  at  any  convenient  point 
of  the  given  line,  as  A,  direct  it 
on  this  line,  and  note  the  reading.  ^"'  ^^ 

Then    turn   the  vernier  till  the     ^\  B 

croB&-hairB  bisect  the  given  point,  \ 

P.     Take  the  instrnment  to  this  '.^ 

point  and  sight  back  to  the  former  P  Q 

station,  by  the  lower  motion,  with- 
out changing  the  reading.  Then  move  the  vernier  till  the  reading 
is  the  same  as  it  was  when  the  telescope  was  directed  on  the  given 
line,  or  180°  different.  It  will  then  be  directed  on  P  Q,  a  parallel 
to  A  B,  since  equal  angles  have  been  meaanred  at  A  and  P.  The 
manner  of  reading  them  is  similar  to  the  method  of  "Traversing." 

860.   To  trace  a  line  through  a  given  poirU  parallel  to  an  inac- 
cessible  line.     Let  C  be  the  given  point 

^^ ^  and   AB   the  inaccessible   line.     Find 

the  angle  GAB,  as  in  Art.  381.  Set 
the  instrnment  at  C,  direct  it  to  A, 
and  then  torn  it  so  as  to  make  an  angle 
with  CA  equal  to  the  supplement  of 
the  angle  0  A  B.  It  will  then  point  in  a  direction,  G  E,  par- 
allel to  AB. 
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OBBTAXILBS  TO  AUIfBMXNT. 
A.  To  FBouiHO  A  Lnn. 


861.  The  instniment  being  set  at  the  farther  end  of  a  line  and 
directed  back  to  ita  beginning,  the  flights  of  the  compass,  if  that 
be  oaed,  will  at  once  give  the  forward  direction  of  the  line.  A  dis- 
tant point  being  thas  obtained,  the  compass  is  taken  to  it  and  the 
process  repeated.  The  nse  of  the  iransii  for  this  pnrpose  has 
been  fnlly  explained. 

368.  By  Perpendionlan.     When  a  tree  or  hoose  obstntcting  the 
line  is  met  with,  place  the  instrument 
at  a  point  B  of  the  line,  and  set  off  ^^''  ^'■ 

there  a  perpendicnlar  to  G ;  set  off 
another  at  G  to  D,  a  third  at  D  to 
E,  making  D  E  =  B  C,  and  a  fonrth 

at  E,  which  last  will  be  in  the  direction  of  A  B  prolonged.  If 
perpendionlars  can  not  be  conveoiently  nBed,  let  B  G  aod  D  E 
make  any  eqnol  angles  with  the  line  A  B,  so  as  to  make  G  D 
paralld  to  it. 

863.  By  an  Eqiiilateral  Triangle.    At  B  tnm  aside  from  the  line 

at  an  angle  of  60°,   aod   measare 
Fin  anfi.  "  . 

eome  conveDient  distance  B  C.    At 

G  torn  60°  in  the  contrary  direc- 
tion, and  measure  a  distance  G  D 
=  B  0.  Then  will  D  be  a  point  in 
the  line  A  B  prolonged.     At  D  tarn 

60"  from  G  D  prolonged,  and  the  new  direction  will  be  in  the  lino 

of  A  B  prolonged.    This  method 

reqnires  the  measurement  of  one 

angle  less  than  the  preceding.  A 


Fia.  269. 


\ 
\ 


864.  By  TrlmngnlatloiL  Let 
A  B  be  the  line  to  be  prolonged. 
Choose  some  station  C,  whence 
can  he  seen  A,  B,  and  a  point  beyood  the  obstacle. 


'\\^y^ 
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and  the  angles  A  and  B  of  the  triangle  ABO,  and  thence  oolonlate 
the  Bide  AC.  Set  the  instnunent  at  0,  and  meoaare  the  angle 
A  0  D,  G  D  being  any  line  which  Till  clear  the  obstacle.  Let  E  be 
the  desired  point  in  the  lines  AB  and  C  D  prolonged.  Then  in 
the  triangle  ACE  will  be  known  the  side  A  C  and  its  inclnding 
angles,  whence  G  E  can  be  ealonlated.  Ueasore  the  reenlting  dis- 
tance on  the  gronnd,  and  its  extremity  will  oe  the  desired  point 
£.  Set  the  instmment  at  E,  sight  to  G,  and  torn  an  angle  equal 
to  the  supplement  of  the  angle  A  E  C,  and  yon  will  have  the  di- 
rection, E  F,  of  A  fi  prolonged. 

366.  WhuL  tlu  Line  to  ba  prolonged  ii  inaooeuLble.  In  this 
case,  before  the  preceding  method  can  be  applied,  it  will  be  neces- 
sary to  determine  the  lengths  of  the  lines  A  B  and  A  0,  and  the 
angle  A,  by  the  method  givea  in  Art.  381. 

866.  To  prolong  a  Line  vith  only  an  AngnVy  Inftnunent.  This 
may  be  done  when  no  means 
of  measuring  any  distance  can 
be  obtained.  Let  A  B  be  the 
line  to  be  prolonged.  Set  the 
instmment  at  B  and  defiect 
angles  of.  45°  in  the  directions 
0  and  D.  Set  at  some  point, 
G,  on  one  of  these  lines  sod 

deflect  from  G  B  4S°,  and  mark  the  point  D  where  this  direction 
intersects  the  direction  BD.  Also,  at  0,  deflect  90°  from  B. 
Then,  at  D,  deflect  90°  from  D  B.  The  intersections  of  these  last 
directions  will  fix  a  point  E.  At  E  deflect  136°  from  E  0  or 
£  D,  and  a  line  E  E,  in  the  direction  of  A  B,  will  be  obtained  and 
may  be  con  tinned.* 

B.  To  nrrsBPOLATB  Poihtb  m  i.  LnrK 

867.  The  inetrnment  being  set  at  one  end  of  a  line  and  directed 
to  the  other,  intermediate  points  can  be  found,  etc.     If  a  yalley  in- 

*  Thta  Ingenious  contriTBnce  is  due  to  Hr.  R.  Hood,  In  wbou  pnctioe,  wbQe  tqB' 
Biog  u  »tr-liite  for  k  nilriMul,  the  Daaesaity  ooaarred. 
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terveaeB,  the  aighte  of  the  compass  (if  the  oompa8s>pl&te  be  very 
carefully  kept  level  orosswJBe),  or  the  telescope  of  the  transit, 
answer  as  sabstitates  tor  the  plnmb-line. 

868.  By  a  Bandom  Liiw.  When  a  wood,  hill,  or  other  obstacle 
pievents  one  end  of  the  line,  Z,  from  being  seen  from  the  other.  A, 
mn  a  random  line  A  B  with  the  com- 
pass or  transit,  etc.,  as  nearly  in  the  "' 
desired  direction  as  can  be  guessed,  till 
yon  arrive  opposite  the  point  Z.  Ueas- 
are  the  error,  B  Z,  at  right  angles  to 
A  B,  as  an  offset.  Multiply  this  error  by  57^^,  and  divide  the 
product  by  the  distance  A  B.  The  quotient  will  be  the  degrees 
and  decimal  parts  of  a  degree  contained  in  the  angle  B  A  Z.  Add 
or  subtract  this  angle  to  or  from  the  bearing  or  reading  with 
which  A  B  was  mn,  according  to  the  side  on  which  the  error  was, 
and  start  from  A,  with  this  corrected  bearing  or  reading,  to  nm 
another  line,  which  will  come  est  at  Z,  if  no  error  has  been  com- 
mitted. 

Example :  A  random  line  was  ran,  by  oompaas,  with  a  bearing 
of  S.  80°  E.  At  twenty  chains  distance  a  point  was  reached  oppo- 
site to  the  desired  point,  and  ten  links  distant  from  it  on  its  right. 
B«qnired  the  correct  bearing. 

in  V  "11° •% 

Ana.  By  the  rule,  — ^  q^^j-^  =  0''-2865  =  ir.     The  correct 

bearing  is  therefore  S.  80°  17'  £.  If  the  transit  had  been  used,  its 
reading  would  have  been  changed  for  the  new  line  by  the  same 
17'.  A  simple  diagram  of  the  case  will  at  once  show  whether  the 
correction  is  to  be  added  to  the  original  bearing  or  angle,  or  sub- 
tracted from  it 

If  trigonometrical   tables  are  at  hand,  the  correction  will  be 

more  precisely  obtained   from  this  equation  ;    Tan.  B  A  Z  =  y^. 

In  this  example,  j-=  =  ^-7^  =  "005  =  tan.  17'. 

The  67°'3  rule,  as  it  is  sometimes  called,  may  be  variously 
modified.  Thus,  multiply  the  error  by  86°,  and  divide  by  one  and 
a  h^  time  the  distance ;    or,  to  get  the  correction  in  minutes, 
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multiply  by  3,438  and  divide  by  the  distance;  or,  if  the  error  is 
given  ia  feet  and  the  distance  in  four-rod  chains,  multiply  the 
former  by  52  and  divide  by  the  distance,  to  get  the  correction  in 
minutCB. 

The  correct  line  may  be  run  with  the  bearing  of  the  random 
line  by  turning  the  vernier  for  the  correction. 

369.  By  Latitudea  and  Separtniei.     When  a  single  line,  such  aa 

A  B,  can  not  be  run  so  as  to  come  opposite  to  the 

Fra.  362.  gj^gjj  pgijjt  2,  proceed   thus  with   the  compass  : 

^  Run  any  number  of  zigzag  courses,  A  B,  B  C,  C  D, 

-'  *        DZ,  in  any  convenient  direction,  bo  as  at  last  to 

arrive  at  the  desired  point.     Calculate  the  latitude 

and  departure  of  each  of  these  courses  and  take 

their  algebraic  sums.     The  sum   of   the  latitudes 

will  be  equal  to  A  X,  and  that  of  the  departures  to 

XZ.  Then  is  tan.  Z  A  X  =  yT  ;  '■  e-.  tte  alge- 
braic sum  of  the  departures  divided  by  the  alge- 
braic Bum  of  the  latitudes  is  equal  to  the  tangent 
of  the  bearing.* 

370.  When  the  transit  is  used,  any  line  may  be  taken  as  a 
meridian — i.  e.,  as  the  line  to  which  the  following  lines  are  re- 
ferred ;  as  in  "Traversing,"  Art.  335,  all  the  successive  lines  were 
referred  to  the  first  line.  In  Fig.  263  the  same  lines  as  in  the 
preceding  figure  are  represented,  but  they  are  referred  to  the 
first  course,  A  B,  instead  of  to  the  magnetic  meridian  as  before, 
and  their  latitudes  are  measured  along  its  produced  line,  and  its 
departures  perpendicular  to  it.  As  before,  a  right-angled  triangle 
will  be  formed,  and  the  angle  Z  A  Y  will  be  the  angle  at  A  be- 
tween the  first  line  AB  and  the  desired  line  AZ. 

This  method  of  operation  has  many  useful  applications,  such  a> 
in  obtaining  data  for  running  railroad-curves,  etc.,  and  the  student 
should  master  it  thoroughly. 

*  The  length  of  the  line  A  Z  can  bIw  b«  at  onee  obtaioed,  since  It  U  equal  to  the 
square  root  of  the  sum  of  the  squares  of  AS  and  XZ,  or  to  the  latitude  divided  b; 
tbe  cosine  of  the  bearing. 
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The  desired  angle  (and  at  the  same  time 
the  distance)  can  be  obtained,  approximately, 
in  this  and  the  preceding  case,  bv  finding  in  a 
traverse-table  the  tinal  latitude  and  departure 
of  the  desired  line  (or  a  Utitnde  and  deimrtnre 
having  the  same  ratio),  and  the  bearing  and 
distance  corresponding  to  these  will  be  the 
angle  and  distance  desired. 


371.   By  Similar  Trunglei.    Through  A  measnre  any  line  G  D. 
^^  ^^  Take  a  point  E,  on  the  line  C  B, 

beyond  the  obstacle,  and  from  it 
set  off  a  parallel  to  C  D,  to  some 
point,  F,  in  the  line  DB.  Ueas- 
are  E  F,  CD,  and  CA.  Then 
this  proportion,  C  D  :  C  A  :  :  E  F  : 
E  0,  will  give  the  distance  £  G-, 
from  E  to  a  point  in  the  line  A  B.     So  for  other  points. 


37St.  By  TriangulatioiL     When  obstacles  prevent  the  preceding 


methods  being  nsed,  if  a  point,  C, 

B  are  accessible,  measnre  the  distances 

0  A,  0  B,  and  the  angle  A  C  B,  and 

thence    calculate    the    angle  CAB. 

Then  observe  any  angle  A  C  D  beyond 

the  obstacle.     In  the  triangle  A  0  D 

a  side  and  its  including   angles  are 

knovm  to  find  G  D.     Measnre  it,  and 

a  point,  D,  in  the  desired  line  will  be  obtained. 


found  from  which  A  and 


OBSTACLZS  TO  KBASVBEHENT. 

A  Whsr  Both  Ewdb  of  thb  Lnra  ahb 
878.  The  methods  given  in  the  preceding  articles  for  prolong- 
ing a  line  and  for  interpolating  points  in  it  will  generally  give  the 
length  of  the  line  by  the  same  operation.     The  method  of  latitudes 
and  departures  is  very  generally  applicable.     So  is  the  following. 


^dbvGoO^^lc 


LANIf-SUR  VETmO. 

374  By  Trisngnlatlon.  Let  A  B 
be  the  inaccessible  distance.  From 
any  point,  C,  from  which  both  A 
and  fi  are  accessible,  meaenre  OA^ 
C  B,  and  the  angle  A  0  B.  Then  la 
the  triangle  ABC  two  sides  and  the 
included  angle  are  known  to  find  the 
Bide  A  B.* 

376.  By  Anglet  to  Known  7<^ti.  The  length  of  a  line,  both 
ends  of  which  are  accessible,  may  also  be  determined  by  angles 
measured  at  it«  extremities  between  it  and  the  directions  of  two  or 
more  known  points.  But,  as  the  methods  of  calculation  inTolve 
subsequent  problems,  they  will  be  postponed. 

B.  Whkh  Okk  End  or  tbb  Lins  is  ni^oonaiBLB. 
376.  By  Ferpendionlan.     Many  of  the  methods  given  for  the 
chain  may  be  atill  more  advantageously  employed  with  angnlar 
instruments,  which  can  so  much  more  easily  and  precisely  set  off 
the  perpendiculars. 


Let  A  B  be  the  inaccessible  line.    At  A 
to  AB, 

Via.  SOT. 


377.  By  Equal  Anglei. 
set  o9  A  G  perpendicula 
and  aa  nearly  equal  to  it,  by  estima- 
tion, as  the  ground  will  permit.  At 
C  measure  the  angle  A  0  B,  and  turn 
the  sights  or  vernier  till  A  0  D  = 
A  C  B.  Find  the  point,  D,  at  the 
interseotion  of  the  lines  C  D  and 
BAprodnoed.     Then  is  AD  =  AB. 


378.  By  TrUBg:tilatioiL  Measnre  a  distance  A  0,  abont  eqnal 
to  A  B.  Measnre  the  angles  at  A  and  C.  Then,  in  the  triangle 
ABC,  two  angles  and  the  included  side  are  knovn,  to  find  another 
AC  sin.  A  OB 


side,  AB  =  - 


sin.  ABC 


*  In  tbiB  figure  Btid  (he  following  nDM  the  MtpiUr  p<d]it  inefeaed  in  •  dide  ii 
ttM  the  pLkCe  >t  irhlch  the  instrument  ia  set. 
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When  the  compass  is  used,  the  sngles  be-  fm,  seg. 

tween  the  lines  will  be  deduced  from  their  re- 
spective bearingB. 

If  the  angle  at  A  is  90°,  A  B  =  A  C  .  tang. 
AOB. 

If  the  angle  A  C  B  =  46°,  tbenAC=AB; 
but  this  position  conld  not  easily  be  obtained, 
except  by  the  use  of  the  sextant,  a  reflecting 
InBtrnment,  described  in  Part  V. 

379.  When  One  Point  oui  not  be  Men  from  the  othnr.    Ohoow 

tvo  points,  0  and  D,  in  the  line  of  A, 
Ira.  US'.  and  such  that  from  C,  A,  and  B  can  be 

seen,  and  from  D,  A,  and  B.  Measure 
AG,  AD,  and  the  angles  0  and  D. 
Then,  in  the  triangle  B  0  D,  are  known 
two  angles  and  the  included  side,  to 
find  C B.  Then,  in  the  triangle  ABO, 
are  known  two  sides  and  the  inolnded 
angle,  to  find  the  third  side,  A  B. 

380.  To  find  the  DiaUmee  from  a  Oiren  Point  to  an  InMoei- 
■iUe  Line.  In  Fig.  264,  Art.  358,  the  required  distance  is  0  £. 
The  operations  therein  directed  give  the  line  0  A  and  the  angle 
0  A  B,  or  0  A  E.     The  required 

distance  CB  =  0  A.  sin.  OAE.  '"'■"•■ 


881.    Oenenl    Method.     Let 

A  B  be  the'  inaccessible  line. 
Measure  any  convenient  distance, 
0  D,  and  the  angles  A  C  D, 
BOD,  ADO,  BDC. 

Then,  In  the  triangle  0  D  A, 
two  angles  and  the  incladed  side 
are  given,  to  find  C  A     In  the 
17 
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triaDgle  G  D  B,  two  angles  and  the  inolnded  side  are  given,  to  fled 
0  B.  Thea,  in  the  triangle  ABO,  two  eides  and  the  incladed 
angle  are  given,  to  find  A  B. 

The  work  maj  be  Tended  by  taking  another  set  of  teiangles, 
and  finding  A  B  from  the  triangle  A  B  D  instead  of  ABO. 

The  following  formulas  will,  however,  |^t«  the  deured  distaooee  with 
less  labor: 

Find  &D  angla  K,  aooh  that  Uii.  K  =  .  '      .  ..      ■   \.  ■   :k  • 

Bin.  CAD.  BID.  D  DO 
Tbeo  find  the  difference  of  the  nnknown  angles  in  the  triangle  0  A  B 
from  the  formnla — 

Tan.  i(OAB- ABO)  =  tan.(46"'  — K)  .coL  iAOB. 
ThenisGABsKaAB- ABO)  +  i  (OAB  + ACB). 
I.-    „       •   T>        „T^Bin.  BDC.  fdn.  ACB 

J)mton»tration :  Id  the  triangle  A  BC,  demgnstetheaDglesasA,  B,  C;  and 
the  sides  opposite  to  them  aa  a,  b,  e.    Let  CD  ==  d.    The  triangle  BOD  ^vee 
i.B_pO 
in.OBD' 
11-       .        .    sin.  ADO 
'"l'«"*«*='^-ri^:OAD- 

In  the  triangle  A  B  0,  we  bave  [Trig.,  Art.  12,  Theorem  11], 
taD.i(A-B)  :cot.  JO  ::a-S:o  +  6; 

whenoa  tan.  i  (A  —  B)  =  ^^^ .  ooL  j  0.  (l.J 

Let  K  bean  amiliarr  aogle.  sooh  that  ft  =  a  .  tan.  E;  whence  tan.  E=— . 

Dividing  the  seoood  member  <if  equation  [1],  above  and  bdow,  b;  a,  and  anb- 

sfitntlngtan.  Kfor-,  wegottan.  J(A  —  B)=  '  ^_*?P-^.  cot.  JO. 

Since  tan.  46'=  1,  we  maj  ggbstitnte  it  for  1  in  the  preceding  equation, 

ud  weget  tan.  *  (A  -  B)  =  ""-^'-tan.K  ^^^^^ 
tan.  46  -I-  tan.  K 
From  the  expreemon  for  tlie  tanjcent  of  the  difference  of  two  arcs  [Trig., 
Art.  8],  the  preceding  fhiotion  rednces  to  tan.  (4ff°—  E) ;  and  the  eqnatJon 
beoomes 

tan.  KA  -  B)  =  tan.  (4B°-  K)  .  cot  J  0.  [2.] 

In  the  equation  tan.  E  =  — ,  Bubstitnte  the  valnes  of  i  and  a  from  the 
fwmulas  at  the  beginning  of  this  investigation.     This  gives 

sin.  ADO  ^  ^    sin.  B D 0 ^  sin.  A  D  0  .  mn.  0 B D 
sin.  0  B  D  ~  sin.  0  A  D  ,  sin.  B  D  0  ■ 
(A  —  B)  is  then  obtained  by  equation  [3] ;  (A  4-  B)  is  the  Bnpplemeot  at 
Oi  therefore,  tbe  angle  A  is  known. 
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Tbeo 


a  wn.  C  _  d  .  Bin.  B  D  C  .  sin,  A  OB 
'  Bin."  a"  ~  "  sin.  ODD.  sin.  CAB     " 
fbe  aae  of  the  auxiliary  angle  K  avoids  the  calonlation  of  the  sides  a  and  h. 

Examplt.    Let  CD  =  7,106-36  feet;  AOD  =  95°  IT' 20";  BCD  =  61° 
41'  60" ;  A  D  0  =  38°  88'  40" ;  B  D  C  =  78°  35'  10" ;  required  A  B. 

The  figure  is  constructed  with  these  data  on  a  scale  of  6,000  feet  to  1 
inch  =  1  :  60000. 

B;  the  above  formulas,  E  is  found  to  b«  S0°20'6";  CAB=:118°66' 
37" ;  and,  lastly,  A  B  =  65tl8-82. 

Both  the  methods  ma;  be  osed  as  mutual  oheoks  in  anj  important  oase. 

If  the  lines  A  B  and  C  D  crossed  each 
other,  as  in  Fig.  270,  instead  of  being  situ-  ^o-  270. 

nted  as  in  the  preceding  figure,  (he  same 
method  of  caloolatiou  would  a[iplv. 

382.  Problem.      To  mraiare  an  inaa-       f^ 
etuible  ditUtnet,  A  B,  when  a  point,  C,  in 
ill  Hnt  eon  le  obtained.     Set  the  instm- 
ment  at  a  point,  D,  from  which  A,  B,  and 
C  can  he  seen,  and  measure  the  angles 

OD  A  and  A  D  B.    Measure  also  the  line  D  C  and  the  angle  C.    Then  in 
the  triangle  A  C  D  two  angles  and 
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the  included  side  are  given  to  find 
A  D,  la  the  triangle  D  A  B,  the  an- 
gle D  A  B  is  known  (being  equal  to 
A  0  D  4-  0  DA),  and  A  D  having 
been  found,  we  agdn  have  two  an- 
gles and  the  included  side  to  find 


383.  ProUenL 

inaceeuibU  diilanet,  A  B,  when  only 

one  point,  C,  eon  ht  found  from 

Consider  C  A  and  G  B  as  distances 


Fig.  272. 


___.fl 


vhieh  loth  endt  of  the  line  eon  be  teen. 
to  be  determined,  having  one  eud  ao- 
cesaihle.  Uetermioe  them  as  In  Art 
878,  by  choosing  a  point  D,  from  whioh 
0  and  A  are  visible,  and  a  point  E,  from 
which  C  and  B  are  visihle.  At  Cob- 
serve  the  an^es  D  C  A,  A  C  B,  and  B  C  E. 
Measure  Che  distances  0  D  and  0  E. 
Observe  the  angles  ADC  and  B  E  0. 
Then  in  the  triangle  ADO,  two  angles 
and  the  Included  side  are  given,  to  find 
0  A ;  and  the  same  in  the  triangle  C  B  E. 

to  find  C  B.    Lastly,  in  the  triangle  A  C  B  two  rides  and  tiie  included  angle 
are  known,  to  find  A  B. 


^dbvGoo^^lc 


S54  LAMD-SURVETISO. 

381  Problem,     To  meatvre  i*n  maetuBiU  diitanee,  A  B,  wTitn  no  pdnt 
■ton  be  found  from  which  the  two  endt  eon  be  itm.     Let  O  be  a  point  from 
which  A  is  viuble,  and  D  a  point  from  whicb  B  is  visible,  and  also  C. 
MeasDra  0  D.     Find  the  diBtaaoes  G  A 
Fia.  278.  ^bA  D  B,  as  in  the  preoeding  probiem, 

i.  e.,  ohoose  a  point  £,  from  which  A 
and  0  ar«  viable,  and  another  point,  F, 
from  which  D  and  B  are  visible.  Meas- 
are  £  U  and  D  F.  Observe  the  angles 
AEO,  £0A,  BDF,  and  DFB;  and 
at  tbe  same  time  the  angles  A  C  D  and 
0  D  B,  for  tbe  subsequent  work.  Then 
OAandDB  will  be  fonnd,  as  were  0  A 
and  0  B  in  tbe  last  problem.  Then  in  tbe  triangle  0  D  B,  two  sides  and  the 
inoludod  angle  are  known  to  And  0  B  and  the  angle  DOB;  and,  lastly,  in  the 
triangle  A  0  B,  two  sides  and  tbe  inolnded  angle  (tbe  difference  of  A  0  D 
andDOB)  tofind  AB. 

386.  Problem,     ffjeen  tiU  atigU*  ohtened,  at  the  endt  of  a  Une  uAiei 

ean  not  be  inxatv/red,  htUeoen  it  and  the  endt  of  a  line  <tf  hnown  length  l>ut 
inaeeeMible,  required  the  length  of  the  former  line.  This  problem  is  the  con- 
verse of  that  given  in  Art.  881.  Its  figure,  309,  raaj  represent  tbe  cose,  if 
tbe  distance  A  B  be  regarded  as  known  and  G  D  as  that  to  be  found.  Uee 
the  first  and  second  formulas  as  before,  and  invert  the  last  formula,  obtaining 

GD  =  AB'^-.^^^-^'°-"^». 
sin.  BDO  .  sin.  AOB 

Tbit  problem  may  also  be  solved,  indirectly,  b;  assuming  any  length  fw 
0  D,  and  tlience  calcalating,  as  in  the  first  part 
of  Art.  S81,  tbe  length  of  AB  on  this  h^potheus.  fia.  iH. 

The  imaginary  fignre  tbns  calculated  is  limilar  to 
the  trae  one ;  and  the  true  length  of  C  D  will  be 
given  by  this  proportion:  Oalonlated  length  d 
A  B  :  true  length  of  A  B  : :  assumed  length  of 
OD:  true  length  of  OD. 

The  length  of  0  D  can  also  be  obtained  graph- 
ically. Take  a  line  of  any  length,  as  O'D',  and 
from  0'  and  D'  lay  off  angles  equal  to  those  ob-  ^"~--.^    ^    j 

served  at  0  and  D,  and  thus  fix  points  A,  B'.  ~~~^7t 

Produce  A  B'  till  it  equals  tbe  ^ven  distance  A  B, 

on  any  dedred  scale.  From  B  draw  a  parallel  to  B'  D',  meeting  A  D'  pro- 
duced in  D ;  and  from  D  draw  a  parallel  to  D'  0'  meeting  A  U'  prodnoed  in 
0.    Then  0  D  will  be  the  reqnired  distance  to  the  same  scale  as  A  B. 

386.  Problem.  T^ree point»,  ABO.  being  given  hy  their  di*tatieeiJ¥om 
each  other,  and  too  other  pointe,  P  and  Q,  being  m  titvated  that  from  each  oj 
them,  (teo  of  the  three  poinU  can  be  leen  and  the  angla  A  P  Q,  B  P  Q.  0  Q  P. 
B  Q  P,  (s  meatttred,  it  il  required  to  determine  the  potitiont  of  P  and  Q. 


c&:^^ 
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Oosnananov.  Begin  bj  deaoribing  a  circle  passing  through  A  and  B, 
and  having  tbe  oentnd  angle  aabtended  b;  A  B,  equal  to  twice  the  f^ym 
angle  A  P  B,  and  tbui  ooDtaining 

that  angle.    The  point  F  wUl  lie  Fic.  27fi. 

eoinewhure  in  ita  circamferenoe. 
Desoribu  nnother  circle  passing 
throQgh  H  ant)  C,  and  having  a 
central  angle  subtended  by  B  0 
eqoal  to  twice  the  given  angle 
B  Q  0.  The  point  Q  will  lie 
ftomewhere  in  its  cironmferenoe. 
From  A  draw   a   line   making  \  y 

with  A  B  an  angle  =  B  P  Q,  and  ■•,,  '•-.'• 

meeting  at  X   the    circle   first  '— '^ — '' 

drawn.  From  C  draw  a  line  mak- 
ing with  0  B  an  angle  =  B  Q  P,  and  meeting  the  aeoond  drcle  in  T,    J<dii 
X  Y  and  prodnoe  it  till  it  cute  the  oiroles  in  points  P  and  Q,  whiob  will 
be  those  required;  sinoe  BPX  =  BAX  =  BPQ;  and  BQTsBOYs 
BQP.  • 

Oaloulation.  In  the  triangle  ABC,  the  sides  being  given,  the  angle 
A  B  0  is  known.  In  the  triangle  A  B  X,  a  side  and  all  the  angles  are  known, 
to  And  B  X.  In  the  triangle  0  B  Y,  B  T  is  similarly  fonnd.  Bj  subtracting 
the  angle  ABO  from  the  sum  of  the  angles  A  B  X  and  0  B  Y,  the  angle 
XB  Y  can  be  obtuued.  Then  in  the  triangle  X^T,  the  sides  BX,  BT, 
and  the  included  angle  are  given  to  find  the  other  angles.  Then  in  the  tri- 
angle BPX  are  known  all  the  angles  and  the  side  BX  to  find  B  P.  In  the 
triangle  BQY,  BQ  is  found  in  like  manner.  FinoU;,  in  the  triangle  BPQ, 
P  Q  can  then  be  fonnd. 

If  deured,  we  can  also  obbun  A  P  in  the  triangle  A  PB;  and  OQ  in  the 
triangle  OBQ. 

887.  FtoUmb.  Four  point*^  A,  B,  0,  D,  Imng  gv>e»  in  petitUn,  by 
their  mutual  diitanett  and  direelitm*.  and  tao  other  povntt,  P  and  Q,  heing 
to  tituated  that  from  each  of  tham  tieo  of  the  four  paint*  can  le  teen  and  tht 
anglt*  APB,  APQ,  PQO,  aad  P Q D  meatured,  it  it  rtgwred  to  determint 
tAt  potition  ^  P  and  Q. 

CoNSTBucrrioir.  Begin,  oe  Id  the  laat  article,  hj  describing  on  AB  the 
segment  of  a  circle  to  oontun  an  angle  eqnal  to  A  P  B.  From  B  draw  a 
chord  BE,  making  an  angle  wilhBA  equal  to  the  snpplement  of  the  angle 
APQ.  On  OD  describe  another  segment  to  contain  an  angle  equal  to 
OQD.  From  0  draw  a  chord  CF,  making  an  angle  with  CD  eqn^  to  the 
supplement  of  the  angle  DQP.  Draw  the  line  EF,  and  it  will  oat  the  two 
oircles  in  the  required  points  P  and  Q. 

For,  the  angle  A P  Q  in  the  flgnre  eqnals  the  meoanred  angle  APQ,  be- 
cause the  supplement  of  the  former,  £P  A,  eqnals  the  supplement  of  the  Ut- 
ter, sinoe  it  is  measured  by  the  same  arc  as  the  angle  ABE,  equal  to  th&t 
supplement  by  conBtmotion.     So  too  with  the  angle  DQP. 
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Oaloulatior.  To  obtun  PQ  =  EF— £P  — QF,  ve  prooeed  to  find 
those  three  linea  thus:  Id  the  triangle  ABE,  we  know  the  tide  AB,  the 
angle  ABE,  Emd  the  angle  A£B  =  APB;  whence  to  find  £B.  In  the 
same  WSJ,  the  triangle  OFD  gives  Fa     In  the  triangle  ESO  are  bnown 

Fia.  27«. 


E  B  and  B  0,  and  the  angle  EBO  =  ABO  —  ABE;  whence  E  0  and  the 
angle  E  0  B  are  fnnnd.  In  the  triaogla  EOF  are  known  E  C,  F  C,  and  the 
angle  EOF  =  BOU  — EOB  — FOD;  whence  we  find  EF,  and  the  angles 
OEFaadOFE. 

In  the  triangle  B E  P,  we  have  E B,  the  an^e  BEP  =  BEO  +  CEP, 
and  the  angle  BPE  =  BPA-r- APE;  to  find  EP  and  PB.  In  the  triazi{^ 
QOF,  we  have  OP,  and  the  angles  OQF  and  OFQ,  to  find  QO  and  QF, 
Then  we  know  PQ  =  EF  —  EP  —  QF. 

The  other  distances,  if  dedred,  oan  he  eanly  fonnd  from  the  above  data, 
some  of  the  oaloolations,  not  needed  for  PQ,  being  made  with  reference  to 
them.  In  the  triangle  A  B  P,  we  know  A  B,  B  P,  and  the  angle  B  A  P,  to 
find  the  angle  ABP  and  AP.  In  the  trian^  Q D  0  we  know  Q  0,  OD, 
and  the  angleOQD.to  find  the  angle  QOD  and  QD.  In  the  triangle 
PBO,  we  know  PB,BC,  and  the  angle  PB0=sAB0  — ABP.  tofind 
P  0.  Lastl;,  in  the  triangle  Q  0  B,  we  know  Q  0,  0  B,  and  the  angle  Q  0  B 
=  DCB-DaQ,tofindQB. 

The  eolation  of  this  problem  inclndee  the  two  preoeding ;  for,  let  the  line 
B  0  he  reduced  to  a  point  so  that  ite  two  enda  come  together  and  the  three 
linea  become  two,  and  we  have  the  problem  of  Art.  886 ;  and  let  the  line 
A  B  he  redniwl  to  a  point,  B,  and  0  D  to  a  point,  0,  and  we  have  bat  one 
line,  and  the  problem  becomes  that  of  Art  S86. 

In  these  three  problems,  if  the  two  stations  Ke  in  a  right  line  with  (mm  at 
the  given  pointa,  the  problem  is  indeterminate. 

388.  Problem  of  the  Bight  Foiiita.    Four  poinU,  A.  B,  0,  D,  are  inao- 

CMiible,  but  titible  from /our  other  pointt,  E,  F,  G,  il ;  it  U  required  to  find 
the  relatiM  dittaneet  of  tJiete  eight  point*  ;  the  only  data  heing  the  obeerwh 
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Hon,  from  taeh  of  the  point*  nf  tAe  iteond  lyiUm,  1^  the  angUi  vndfr  whiA 
are  Mm  the  pointt  of  the  frit  tj/item. 

Thia  problem  can  be  solTod,  Fio.  217, 

but  the  great  length  aod  com- 

plioation  of  the    tnvestigatioD  ^  « 

aad  resnlUng  f  ormnlaa  render  it  ]) 

more  a  matter  of  onriositj  than  -t  '^ 

of  ntUitf.  It  mar  he  fonnd  ia 
Pniasant's  "  Topographie,"  page 
66;  LefevTe'a  "  Trigonom6trie," 
page  90,  and  Lefevre's  "  Arpen- 
tage,"  No.  887. 

TO  81TPPLY  OMuaioira. 

380.  Any  two  omiBsiona 
in  a  closed  sarrey,  whether 
of  the  direction  or  of  the 

length,  or  of  both,  of  one  or  more  of  the  sides  boanding  the  are* 
enrreyed,  can  always  be  supplied  by  a  snitable  application  of  the 
principle  of  latitndes  and  departures,  althongh  this  meana  abonld 
be  resorted  to  only  in  cases  of  absolnte  necessity,  since  any  omia- 
■ioQ  renders  it  impossible  to  "  test  the  anrrey."  In  the  following 
articles  the  sorvey  will  be  considered 
to  baTe  been  made  with  the  compass. 
All  the  rules  will,  however,  apply  to 
a  transit  survey,  the  angles  being  re- 
ferred to  any  line  as  a  meridian,  as  in 
"traversing." 

To  save  nnnecessary  labor,  the  ei. 

amples  in  the  varions  cases  now  to 

be  examined  will  all  be  taken  from 

the  same  survey,  a  plat  of  which  ia 

given  in  the  margin  on  the  scale  of  40  chains  to  1  inch  (1 :  81,080), 

and  the  field-notes  of  which,  with  the  latitudes  and  departorea 

carried  ont  to  five  decimal  places,  are  given  on  page  258.* 

*  The  teacher  oao  make  an;  Dumber  of  eiamples  for  bU  own  use  by  taking  ■ 
(olerablj  aocaiBte  surre;.  striking  out  the  bearing  and  distance  of  any  one  oourae, 
and  caloolatlng  it  predsely  as  in  Case  1,  f^ren  ttelow.  He  can  tlien  omit  an;  two 
qoantltiea  at  will,  to  be  sappUed  by  the  etodent  by  means  of  the  rule*  now  to  be 
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-^ 

P 

UTITDDn. 

DEPUtTUUS. 

N. 

e. 

E. 

w. 

A 

B 
0 
D 
E 
F 

North. 
N.  88=  E. 
N.80°E. 
8.  48"  E. 
8.  18°  W. 
N.  rs"  28'  21"  W. 

1384 

1783 
2400 
3700 
8880 
4631i 

1384-00000 
1511-23171 
41676688 

18U-69SS3 

180606282 
272003109 

0 
94481819 

3363-68873 
3006-49096 

0 

88S-7ee68 
4430-60726 

4036-67431 

4626-67431 

6814-84687 

6814-84687 

0a8B  1.  When  the  length  and  the  bearing  of  any  one  side  are 
minting. 

390.  Find  the  latitades  and  the  departarea  of  the  remaining 
ddea.  The  differeooe  of  the  north  and  south  latitudes  of  these 
linea  is  the  latitude  of  the  omitted  line,  and  the  difference  of  their 
deparcnres  ia  ita  departure.  This  latitnde  and  departnre  are  two 
aides  of  a  right-angled  triangle  of  which  the  omitted  line  is  the 
hypoteoose.  Its  length  is  therefore  equal  to  the  square  root  of 
the  sam  of  their  sqoares,  and  the  quotient  of  the  departnre  divided 
hj  the  latitnde  is  the  tangent  of  its  bearing. 

In  the  above  anrrej,  suppose  the  course  from  F  to  A  to  have 
beeD  omitted  or  lost.  The  difFerenoe  of  the  latitudes  of  the  re- 
maining couraea  will  be  found  to  be  1314-69682,  and  the  difference 
of  the  departores  to  be  4430-55736.  The  square  root  of  the  sum 
of  their  sqoares  is  4621-6;  and  the  quotient  of  the  departnre 
divided  by  the  latitade  is  the  tangent  of  78°  28'  21".  The  defi- 
ciencies were  in  north  latitude  and  west  departure,  and  the  omitted 
oonrse  ia  therefore  N.  73"  38'  81"  W.,  4621-6. 

Oasb  2.  When  the  length  of  one  tide  and  the  hearing  of  an- 
other are  leanting, 

391.  When  the  Deficient  Bldei  adjoin  Eaoh  Other.  Find,  aa  in 
Case  I,  the  length  and  bearing  of  the  line  joining  the  ends  of  the 
remaining  oonrses.  This  line  and  the  deficient  lines  wiU  form  a 
triangle,  in  which  two  aides  will  be  known,  and  the  angle  between 
the  calculated  side  and  the  side  whose  bearing  is  given  can  be 
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found.     The  psrt«  wanting  can  then  be  obtained  by  the  o 
Tolee  of  trigonometiy. 

In  the  fignre,  let  the  length  of  EF  and  the  bearing  of  FA  be 
the  omitted  parts.    The  diflereace  of  the  sums  of  the  N.  and  8. 
latitudes,  and  the  E.  and  W.  depart* 
nrefl  of  the  complete  couraeB  from  A  ■  ^'J' 

to  E,  are  respectively  1405-32477  north 
latittide,  and  6314*34587  east  depart- 
ure. The  ooane,  £!  A,  corresponding 
to  this  deficiency,  we  find,  by  proceed- 
ing as  in  Oase  1,  to  be  S.  75°  11'  15' 
W.,  6497-036.  The  angle  AEF  is 
therefore  =  76°  11'  15'  -  18"  =  57° 
11'  16'.     Then  in  the  triangle  AEF 

are  given  the  sides  A E,  AF,  and  the  angle  AEF  to  find  the  re- 
maining part£,  viz.,  the  angle  AFE  =  91°  38'  21',  whence  the 
bearing  of  F  A  =  91°  88'  31'  -  18°  =  N.  73°  28'  21'  W. ;  and  the 
side  EF  =  28-60. 


Fia.  2B0. 


893.  Wlun  tlie  Defldsnt  SidM  an  leparated  from  Eaoh  Otiwi. 

A  modification  of  the  preceding  method  will  still  apply.  In  this 
fignre  let  the  omissions  be  the  bearing  of  F  A  and  the  length  of 
C  B.  Imagine  the  conraes  to  change 
places  without  changing  bearings  or 
lengths,  so  as  to  bring  the  deficient 
lines  next  to  each  other  by  transfer- 
ring CD  to  AG,  AB  to  GH,  and  BO 
to  HD.  This  will  not  affect  their 
latitudes  or  departures.  Join  G  F. 
Then  in  the  fignre  D E  FQ  H  the  laH- 
tndes  and  departures  of  all  the  sides 
but  F  G  are  known,  whence  its  length 
and  bearing  can  be  fonnd  as  in  Case  1.  Then  the  triangle  AGF 
may  be  treated  like  the  triangle  A  E  F  in  the  last  article,  to  obtain 
the  length  of  A  O  =  C  D,  and  the  bearing  of  F  A. 

Oiherwiae,  by  changing  the  meridian.      Imagine  the  field  to 
torn  aronod  till  the  side  of  which  the  distance  is  aoknown  be- 
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comee  the  meridifui — i.  e.,  comes  to  be  dne  north  and  aouth — all 
the  other  sides  retaining  their  relative  positions,  and  continning  to 
make  the  same  angles  with  each  other.  Change  their  bearings  ac- 
cordinglj.  Find  the  latitades  and  departures  of  the  sides  in  their 
new  poBitions.  Since  the  side  whose  length  was  nnknown  has  been 
made  the  meridian,  it  has  no  departure,  whatever  may  be  its  on- 
known  length  ;  and  the  difference  ft  the  colnmns  of  departure  will 
therefore  be  the  departure  of  the  side  whose  bearing  is  unknown. 
The  length  of  this  aide  is  given.  It  is  the  hypotenuse  of  a  right- 
angled  triangle,  of  which  the  departure  is  one  aide.  Hence  the 
other  side,  which  ia  the  latitude,  can  be  at  once  found,  and  also  the 
nnknown  bearing. 

Put  this  latitude  in  the  table  in  the  blank  where  it  belongs. 
Then  add  up  the  columns  of  latitude,  and  the  difference  of  their 
sums  will  he  the  unknown  length  of  the  side  which  had  been  made 
a  meridian.* 

Let  the  omitted  quantities  be,  as  in  the  last  article,  the  length 
of  CD  and  the  bearing  of  FA.  Make  CD  the  meridian.  The 
changed  bearings  can  then  be 
found  to  be  as  in  the  margin. 
To  aid  the  imagination,  turn 
the  book  around  till  C  D 
points  up  and  down,  as  north 
lines  are  usually  plaoed  on  a 
map.  Then  obtain  the  lati- 
tudes of  the  courses  with 
their  new  bearings  and  old  distances,  and  proceed  as  has  been 
directed. 

Cask  3.   When  the  lengths  of  tvjo  sides  are  vjantinff. 

898.  When  the  Defloient  SSdei  a^oin  Eaoh  Other.  Find  the 
latitudes  and  departures  of  the  other  conrsea,  and  then,  by  Case  1, 
find  the  length  and  bearing  of  the  line  joining  the  extremities  of 
the  deficient  courses.      Then,  in   the  triangle  thus  formed,  are 

'  This  coDcepUon  of  thus  ab&nging  the  bearings  Is  stated  to  be  due  to  Professor 
Robert  PsttersoQ,  of  Philadelphia,  by  whom  It  was  coromunicatod  to  Mr.  John  Oum 
mere,  and  published  b;  bim,  in  1S14,  in  hSs  "Trestiae  on  Snnejiiig.'' 
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C 
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N.  33°  E. 
N.  80°  E. 
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N.  80°  W. 
K.  48°  W. 

N.  82°  E. 
S.  63°  E. 
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known  one  side  and  all  the  angles  (dednced  from  the  bearings)  to 
find  the  lengths  of  the  other  two  sides. 

Thus,  in  Fig.  379,  let  E  F  and  F  A  be  the  sides  whose  lengths 
are  onkDown.  E  A  is  then  to  be  calculated,  and  ita  length  will  bo 
found  to  be  8497-036,  and  ita  bearing  S.  76°  11'  15'  W.,  whence 
the  angle  A  B  P  =  75°  11'  15'  —  18°  =  57°  11'  15'  ;  A  F  E  =  18" 
+  73°  28'  81'  =  91"  28'  81' ;  and  E  A  F  =  31"  20'  34' ;  whence 
oan  be  obtained  EFs=  38-60  and  FA  =  46-215. 

894.  When  tlLe  Defident  Bidet  are  wparated  from  Eaeh  Other. 
Let  the  lengths  of  B  0  and  D  £  be  those  omitted.     Again  imagine 
the  oonrsBs  to  change  places,  so  as  to 
bring  the  deficient  lines  together,  D  E  *"'**■  ^^': 

being  transferred  to  G  6,  and  OD  to  C„- — ^\ 

G  E.     Join  B  G.     Then  in  the  figure  /  "'\,  ^v^ 

A  B  G  E  F  A  are  known  the  latitudes     g  / ~'\^  '\,g 

and  departnres  of  all  the  courses  ex-  ^q  / 

cept  E  G,  whence  ita  length  and  bear-      aL,..^^  / 

ing  oan  be  fonnd,  as  in  Case  1.     Then  ^~^^-~„^        / 

in  the  triangle  B  C  G,  the  angle  C  B  G  ^^^ 

can  be  fonnd  from   the  bearings  of 

C  B  and  B  G,  and  the  angle  C  G  B  from  the  bearings  of  B  G  and 
G  C.  Then  all  the  angles  of  the  triangle  are  known  and  one  side, 
BG,  whence  to  find  the  required  sides,  B  G  =  1,782,  and  G  G  = 
D  E  =  2,700. 

Othervtise,  by  chafing  the  meridian.  Imagine  the  field  to 
turn  around  till  one  of  the  aides  whose  length  is  wanting  becomes 
a  meridian  or  dne  north  and  south.  Change  all  the  bearings  cor- 
respondingly. Find  the  latitudes  and  departures  of  the  changed 
;»nrseB.  The  difference  of  the  columns  of  departnre  will  be  the 
departure  of  the  second  oonrse  of  unknown  length,  since  the  coarse 
made  meridian  has  now  no  departure.  The  new  bearing  of  this 
second  course  being  given  in  the  right-angled  triangle  formed  by 
this  course  as  an  hypotenuse,  and  its  departure  and  latitude,  we 
know  one  side,  the  departure,  and  the  acute  angles,  which  are  the 
bearing  and  its  complement.  The  length  of  the  course  is  then 
readily  calculated,  and  also  ita  latitude.     This  latitude  being  iik- 
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■nnom. 

<a.«^o. 

»^  »..«<-. 

A 
B 

c 

D 

E 

r 

Korth. 

H.  aa"  E. 

N.80°E. 

S.  48'  E. 

8.  18°  W. 

N.  78"  88'  21"  W. 

N.  32"  W. 

NoTtk. 

N.  48°  E. 

8.  80°  E. 

B.  14°  E. 

8.  74°  81'  59"  W. 

eerted  in  its  proper  place,  the  difference  of  the  colnmiis  of  latitade 
irill  be  the  length  of  that  wanting  side  which  had  been  made  a 
meridian. 

Thna,  let  the  lengths  of  B  0  and  D  E  be  wanting,  as  in  the  pre- 
ceding example. 
Make  B  0  a  me- 
ridian. The  other 
bearings  are  theo 
changed  as  in  the 
margin.  Galcnlst« 
new  latitndea  and 
departnres.  The 

diSerenoe  of  the  departares  will  be  the  departnre  of  D  E,  dnoe 
B  C,  being  a  meridian,  has  no  departure.  Hence  the  length  and 
latitade  of  D  E  are  readily  obtaited.  This  latitude  being  put  in 
the  table,  and  the  columns  of  latitude  then  added  np,  their  differ- 
ence will  be  the  length  of  B  0. 

Casb  4.    Wken  the  bearings  of  two  sides  are  waniinff, 

395.  When  the  Befloient  Bides  adjoin  Each  Other.  Find  the 
latitudes  and  departures  of  the  other  sides,  and  then,  as  in  Case  1, 
find  the  length  and  bearing  of  the  line  joining  the  extremities  of 
the  deficient  sides.  Then,  in  the  triangle  thna  formed,  we  have 
the  three  aides  to  find  the  angles  and  thence  the  hearinga. 

396.  When  the  Deficient  Sidei  are  separated  from  Each  Oth«i. 
Change  the  places  of  the  sides  so  as  to 
bring  the  deficient  ones  next  to  each 
other.  Thns,  in  the  figure,  supposing 
the  bearings  of  0  D  and  E  F  to  be 
wanting,  transfer  E  F  to  DO,  and 
D  B  to  Q  F.  Then  calcnlate,  as  in 
Case  1,  the  length  and  bearing  of  the 
line  joining  the  ertremitiea  of  the  de- 
ficient aides,  C  G  in  the  figure.  This 
line  and  the  deficient  sides  form  a  tri- 
angle in  which  the  three  sides  are  given  1 
and  thence  the  required  bearings. 


>  determine  the  aaj^ee 
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LArnro  out,  pasting  off.  Aim  Divioma  up  land, 

IiATHra  OUT  I.AVS. 

897.  It*  VAtnn.  This  operation  is  precisely  the  reTerse  of  those 
of  anryeying  properly  bo  called.  The  latter  measures  certain  lines 
as  they  are ;  the  former  marks  them  ont  in  the  groand  wfaers  they 
are  required  to  be,  in  order  to  eatis^  certain  conditions.  The 
same  instrumente,  however,  are  used  as  in  surreying. 

Perpendicnlars  and  parallels  are  the  lines  most  often  employed. 
Part  of  the  demonstrations  of  the  problems  are  left  as  exercises  for 
the  student. 

898,  To  lay  out  BcLum.  Bednce  the  desired  content  to  square 
chains,  and  extract  its  square  root  This  will  be  the  length  of  the 
required  side,  which  is  to  be  set  out  by  one  of  the  methods  indi- 
cated in  the  preceding  article. 

An  acre,  laid  ont  in  the  form  of  a  square,  is  frequently  desired 
by  formers.  Its  aide  must  be  made  816^  links  of  a  Gunter's  chain ; 
or  208^  feet ;  or  68^  yards.     It  is  often  taken  at  70  paces. 

The  number  of  pluite,  bills  of  corn,  loads  of  mannre,  etc., 
which  an  acre  will  contain  at  any  uniform  distance  apart,  can  be  at 
ODce  found  by  dividing  309  by  this  distance  in  feet,  and  multiply- 
ing  the  quotient  by  itself,  or  by  dividing  43,560  b;  the  square  of 
the  distance  in  feet.  Thus,  at  3  feet  apart,  an  acre  would  contain 
4,840  plants,  etc.  ;  at  10  feet  apart,  436  ;  at  a  rod  apart,  160  ;  and 
BO  on.  If  the  distances  apart  be  unequal,  divide  43,560  by  the 
product  of  these  distances  in  feet ;  thus,  if  the  plants  were  in  rows 
6  feet  a{Mrt,  and  the  plants  in  the  rows  were  3  feet  apart,  S,420  <A 
them  voold  grow  on  one  acre. 
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899.  To  lay  out  Rectangles.  The  content  and  length  being 
given^  both  as  meaauroii  by  the  name  unit,  divide  the  former  by 
the  latter,  and  the  qnotieat  will  be  the  reqnired  breadth.  Ttae, 
1  aore  or  10  square  chains,  if  5  chains  long,  must  be  %  chains  wide. 

The  content  being  given  and  the  length  to  be  a  certain  numier 
ef  times  the  breadth.  Divide  the  content  in  square  chains,  etc,  by 
the  ratio  of  the  length  to  the  breadth,  and  the  equare  root  of  the 
quotient  will  be  the  shorter  side  desired,  whence  the  longer  side 
IB  also  known.  Tbue,  let  it  be  reqnired  to  lay  ont  30  acres  in  the 
form  of  a  rectangle  3  times  as  long  as  broad ;  30  acres  =  300 
Bqnare  ofaaina.  The  deeired  rectangle  will  contain  3  squares,  each 
of  100  square  chains,  having  sides  of  10  chains.  The  rectangle 
will  therefore  be  10  chains  wide  and  30  long. 

An  acre  laid  out  in  a  rectangle  twice  as  long  as  broad  will  be 
VH  links  by  448  links,  nearly :  or,  14?^  feet  by  295  feet ;  or,  49^ 
yards  by  98|  yards.  Fifty  paces  by  one  hundred  is  often  used  as 
an  approximation,  easy  to  be  remembered. 

The  content  being  given,  and  the  difference  between  the  length 
and  breadth.  Let.  c  represent  this  content,  and  d  this  difference. 
Thon  the  longer  aide  =lrf  +  iv'('^H" *'^)' 

iixample.  Let  the  content  be  6-4  acres,  and  the  difference  13 
dioins.  Then  the  sides  of  the  rectangle  will  be  respectively  16 
chains  and  4  chains. 

The  content  being  given,  and  the  sum  of  the  length  and  breadth. 
Let  e  represent  this  content,  and  s  thia  sam.  Then  the  longer 
side  =  ijt+iV  (»"-*«)■ 

Example.  Let  the  content  be  6-4  acres,  and  the  sum  30  chains. 
The  above  formula  gives  the  sides  of  the  rectangle  16  chains  and  4 
chains  as  before. 

400.  To  lay  out  Trianglei.    The  content  and  the  base  being 

given,  divide  the  former  by  half  the  latter  to  get  the  height.  At 

any  point  of  the  base  erect  a  perpendicnlar  of  the  length  thus  ob- 
tained, and  it  will  be  the  vertex  of  the  required  triangle. 

The  content  being  given  and  the  base  having  to  be  m  times  the 

height,  the  height  will  equal  the  square  root  of  the  qaotient  ob- 
'^ained  by  dividing  twice  the  given  area  by  >». 
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Tbe  content  being  given  and  the  tsriangle  to  be  equilateral,  take 
the  square  root  of  the  coutent  and  multiply  it  by  1*520.  The 
product  vill  be  the  length  of  the  side  required.  This  rule  uiakeB 
the  Bides  of  au  equilateral  triangle  containing  one  acre  to  be  480^ 
links.  A  quarter  of  an  acre  laid  out  in  the  same  form  would  have 
each  side  MO  links  long.  An  eqnilateral  triangle  is  very  easily  set 
out  on  the  ground,  as  directed  under  "  Platting,"  using  a  rope  or 
chain  for  compasses. 

Tbe  content  and  base  being  given,  and  one  side  baring  to  make 
a  given  angle,  as  B,  with  the  base  A  B, 

9  V  A  R  f!  '"*■  '^ 

the  length  of  the  side  B  C  =  /.f     .     „' 
*  A  B  .  sm.  B 

Example.  Eighty  acres  are  to  be  laid 
out  in  the  form  of  a  triangle,  on  a  base, 
A  B,  of  sixty  chains,  bearing  N.  80°  W., 
tiie  bearing  of  the  side  B  0  being  N.  70° 
E.  Here  the  angle  B  is  found  from  the  hearings  (reversing  one  of 
them)  to  be  30°.  Hence  B  C  =  53  33.  Tbe  figure  is  on  a  scale  of 
50  chains  to  1  inch  =:  1  :  39600. 

Any  right-line  figure  may  be  laid  out  by  analogous  methods. 

401.  To  lay  out  Cirdea.  Multiply  the  given  content  by  7,  di- 
vide the  product  hy  22,  and  take  the  square  root  of  the  qnotieut 
This  will  give  the  radius,  with  which  the  circle  can  be  described 
on  the  ground  with  a  rope  or  chain.  A  circle  containing  one  acre 
has  a  radioR  of  178}  links.  A  circle  containing  a  quarter  of  an 
acre  will  have  a  radius  of  89  links. 

408.  Town-Lota.  Hoose-lots  in  cities  are  usually  laid  off  as 
rectangles  of  25  feet  front  and  100  feet  depth,  variously  combined 
in  blocks.  Part  of  New  York  is  laid  ont  in  blocks  200  feet  by  800, 
each  containing  64  lots,  and  separated  by  streets,  60  feet  vide, 
running  along  their  long  sides,  and  avenues,  100  feet  wide,  on 
their  short  sides.  The  eight  lots  on  each  short  side  of  the  block 
front  on  the  avenues,  and  the  remaining  forty-eight  lots  front  on 
the  streets.  Such  a  block  covers  almost  precisely  3  J  acres,  and  17^ 
such  Iota  about  make  an  acre.     But,  allowing  for  the  streets,  land 
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hid  out  into  lota,  25  by  100,  arranged  as  above,  would  contaia  only 
11*9,  or  not  quite  13  lots  per  acre. 

Lote  in  small  tovrns  and  Tillages  are  laid  oat  of  greater  size  and 
lees  nniformity  :  50  feet  by  100  is  a  frequent  size  for  new  villagee, 
the  blocks  being  200  feet  by  500,  each  therefore  containing  20  lota. 

408.  TahJ  told  for  TaxM.     A  case  occurriDg  in  the  State  of 

New  York  will  serve  as  an  application  of  the  modes  of  laying  out 

sqnares  and  rectangles.     Land  on  which  taxes  are  unpaid  is  sold  at 

auction  to  the  lowest  bidder— i.  e.,  to  him  who  will  accept  the 

smallest  portion  of  it  in  return  for  paying  the  taxes  on  the  whole. 

The  lot  in  question  was  originally  the  east  half  of  the  square  lot 

ABCD,  containing  500  acres.     At  a  sale  for  taxes  in  1830,  70 

acres  were  bid  off,  and  this  area  was  set  off  to  the  purchaser  in  a 

square  lot,  from  the  northeast  comer.     Required  the  side  of  the 

square    in  links.     Again,    in 
Fio.  284.  ^  , , 

IT ^„      183i,  29  acres  more  were  thus 

sold,  to  be  set  off  in  a  strip  of 

equal  Width  around  the  square 

previously  sold.     Required  the 

width  of  this   strip.      Once 

more  :  in  1839,  42  acres  more 

were  sold,  to  be  set  off  around 

the  preceding  piece.    Beqnired 

the  dimensions  of  this  third 

portion.     The  answer  can  be 

proved  by  calculating  if  the 

dimensions  of  the  remaining 

leotangle  will  give  the  content  which  it  should  have,  viz.,  250  — 

.  (70+89  +  42)  =109  acres. 

The  figure  is  on  a  scale  of  40  chwus  to  1  inch  =  1  :  31680. 

404  Hew  Conntriei.  The  operations  of  laying  out  laud  for  the 
purposes  of  settlers  are  required  on  a  large  scale  in  new  countries, 
in  combination  with  their  survey.  There  is  great  difficulty  in 
uniting  the  necessary  precision,  rapidity,  and  cheapness.  "  Tri- 
angular surveying"  will  insnre  the  first  of  these  qualities,  but  is 
deficient  in  the  last  two,  and  leaves  the  laying  out  of  lots  to  be 
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Habeeqnentlj  execsted.  "  Compaes-BiirTeying  "  posaesses  the  last 
two  qualities,  but  not  the  first.  The  United  States  system  for 
Burreying  and  laying  out  the  public  lands  admirably  combineB  an 
accurate  determination  of  standard  lines  (meridians  and  parallels) 
with  a  cheap  and  rapid  Bubdivision  by  compass.  The  subject  is  so 
importaDt  and  exteosiTe  that  it  will  be  explained  by  itseU. 

pABTnra  off  -lajstd. 

406.  It  is  often  required  t^  part  oft  from  a  field,  or  from  an 
indefinite  space,  a  certain  number  of  acres  by  a  fence  or  other 
boandaij-line,  which  is  also  required  to  ran  is  a  particular  direcv 
tion,  to  start  from  a  certain  point,  or  to  fulfill  some  other  condition. 
The  Tarions  cases  most  likely  to  oceur  will  be  here  arranged  accord- 
ing to  these  conditions.  Both  graphical  and  numerical  methods 
will  generally  be  giren.* 

The  given  content  is  always  sapposed  to  be  reduced  to  square 
chains  and  decimal  parts,  and  the  lines  to  be  in  chains  and  deoi- 

A.  Bi  i.  LiRB  pjLiuLLii.  TO  A  Bim, 

406.  To  part  off  a  Keotangls.  If  the  sides  (d  the  field  adj»- 
oent  to  the  given  side  make  right  angles  with  it,  the  fignre  parted 
ofT  by  a  parallel  to  the  given  side  will  be  a  rectangle,  and  its 
breadth  will  equal  the  required  content  divided  by  that  side,  as 
in  Art.  398. 

If  the  field  be  bonnded  by  a  carved  or  zigzag  line  outside  of  the 
given  side,  find  the  content  between  these  irregular  lines  and  the 
given  straight  side,  by  the  method  of  offsets,  subtract  it  from  the 
content  required  to  be  parted  off,  and  proceed  with  the  remainder 
as  above.     The  same  directions  apply  to  the  subsequent  problems. 

407.  To  part  off  a  Faralleld- 
gram.  If  the  sides  adjacent  to  the 
given  side  be  parallel,  the  fignre 
parted  off  will  be  a  parallelogram, 
and  its  perpendicular  width,  G  E, 

*  Th«  KivcD  lines  vill  be  represented  hj  fine  full  IIdbb,  the  linw  of  wmstrnctkn 
I9  bnkee  lines,  uid  the  IIbm  of  the  result  b;  heavy  full  Une*. 
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irill  be  obtained  as  above.     The  length  of  one  of  the  parallel  sidee, 
,„       CE  ABDC 

nn.  A      A  B .  am.  A 


ricssa. 


408.  To  put  off  a  Tnpeiold.  When  the  ridea  of  a  field  ad- 
jacent to  the  given  side  are  not  parallel,  the  figure  parted  off  will 
be  a  trapezoid. 

When  the  field  or  figure  ia  given  on  the  groand,  or  on  a  plat, 
begin  as  if  the  sides  were  parallel) 
dividing  the  given  content  by  the 
base  AB.  The  quotient  will  be 
an  approximate  breadth,  G  E,  or 
D  F ;  too  small  if  the  sides  con- 
verge, as  in  the  figure,  and  vice 
'b  vvrsa.  Meaenre  C  D.  Calcnlato 
the  content  of  ABDC.  Divide 
tiie  difference  of  it  and  the  required  content  by  G  D.  Set  off  the 
qnotient  perpendicular  to  G  D  (in  this  figure,  outside  of  it),  and  it 
will  give  a  new  line,  G  H,  a  still  nearer  approximation  to  that  de- 
■ired.    The  operation  may  be  repeated,  if  found  necessary. 

400.  When  the  field  is  given  by  bearings,  deduce  from  them 
the  angles  at  A  and  B.    The  required  sides  will 
then  be  given  by  these  formulas  :  ''*•  **'• 

OD  =  /(AB--?AABCD^MA+B)y        ' 
'   \  Bin.  A .  Bin.  B  ' 

Demotutration.     Prodnoe  B  0  and  A  D  to  meet  hi  B. 
Br  dmilar  trianglea, 

A  B  E  :  D  0  E  ::  A  B* ;  D  0«. 
ABE-DOE:  ABE::  A  B'  —  D  OVA  B» 
Kow  ABE  —  DOE  =  ABOD;  also,  by  Art.  61, 

ABE=AB 


'8.mn.  (A+B)' 
ne  kbove  proportion,  therefure.  becomes 
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iB0D:AB-.^-=^-:3=,:AB.-0D.:AB-. 
Unllipljitig  extremea  and  meuia,  cancel-  Fia.  aS8. 

log,    truifposing,     and    «xtrftctiDg    the 

•quure  root,  we  get  0  D  =\/\  AB*  — 
B.  ABOD.rin.(A  +  B)-| 
dn.  A  .  an.  B  _|' 

Wben  A  -I-  B  >  160*,  nd.  (A  +  B)  !■ 
negative,  sod  therefore  the  fMction  in 
whioh  it  ooonre  beoomea  poeitlTe. 

0  F  being  drawn   parallel  to  D  A,   wj»  bare 

rin.B  „_  iln.B 


AD  =  FO=FB.-- 


=  {AB-OD)- 


■  ain.  {IBO"  —  A  —  B) 
=  (AB-OD)^  "" 


^iin.(A  +  B)  *■  'ain.{A  +  B)' 

When  the  sidea  A  D  and  B  C  divergfi,  instead  of  oooverging,  as 
in  the  fignre,  the  negative  term,  in  the  ezpression  for  0  D,  beoomea 
positive  ;  and,  in  the  expressions  for  both  A  D  and  B  0,  the  first 
factor  becomes  (C  D  —  A  B). 

The  perpendicular  breadth  of  the  trapezoid  =  A  D  .  sin.  A ; 
or  =  B  0  .  sin.  B. 

Sxample.  Let  A  B  run  north,  sis  chains  ;  A  D,  N.  80°  E. ; 
B  0,  S.  60°  £.  Let  it  be  required  to  part  off  one  acre  by  a  fenoe 
parallel  to  AK  Here  AB  =  6'00,  ABOD  =  I0  square  chains, 
A  =  80%  B=60°.  Ana.  CD  =  4*67,  AD=l-&a,  BC  =  2-18, 
and  the  breadth  b  1-89. 

The  figure  is  on  a  scale  of  4  chains  to  an  inch  =  1  :  3168. 

B.  Bt  l  Lm  PBBPiuinioirLAB  to  a  Sidx. 

410.  To  put  off  a  Triangle.    Let  F  O  be  the  required  line. 

^^  When    the    field    is    given    on    the 

ground,   or  on  a  plat,  at  anj  point, 

as  D,  of  the  given  side  AB,  set  ont 

a  "goees-line,"  D  E,  perpeodicnlar 

to  A  B,  and  calculate  the  content  of 

DEB.    Then  the  required  distance 

BF,  from  the  angular  point  to  the  foot  of  the  desired  perpen- 


idbyGoOgIc 


270  LAND-SURVE7ING. 

Sinoe  aimtlar  tri&nglea  are  as  the  sqaares  of  their  homologons  Bid«^ 
BDE:BFG::BD':BF';  whence  BF  =  BD  4/(|^^  . 

Ra  290.  Example.      Let  B  D  =  30  chains  ;  E  D  s 

13  chaina  ;  and  the  desired  area  =:  31*8  acres. 
Then  B  F  =  35-23  ohainB. 

The  scale  of  the  figure  is  30  chains  to  1 
inch  =  1  :  23760. 

When  the  field  ie  given  by  bearings,  find 
the    angle    B    from    the    bearings ;    then    is 


-=t/(^^^). 


Example.  Let  BA  bear  S.  75°  E.,  and  B  0  N.  60°E.,  and  let 
five  acres  be  required  to  be  parted  of  from  the  field  b;  a  perpeo- 
dioolar  to  B  A.  Here  the  angle  B  =  45%  and  B  F  =  10-00 
obains. 

The  scale  of  the  fignre  is  30  chains  to  1  inch  =  1  :  1K810. 

411.  To  put  off  a  ftoadiilateral.  Produce  the  converging 
sides  to  meet  at  B.    Calculate  the 

content  of  the  triangle  H  K  B, 
vbetber  on  the  ground  or  plat,  or 
from  bearings.  Add  it  to  the  con- 
tent of  the  quadrilateral  required 
to  be  parted  off,  and  it  will  give 

that  of  the  triangle  F  G  B,  and  the  method  of  the  preceding  case 
can  then  be  applied. 

412.  To  part  off  an;  Figure.  If  the  field  be  very  irregularly 
shaped,  find  by  trial  any  line  which  will  part  off  a  little  less  than 
the  required  area.  This  trial-line  will  represent  H  K  in  the  pre- 
ceding fignre,  and  the  problem  is  reduced  to  parting  off,  accord- 
ing to  the  required  condition,  a  quadrilateral,  compriBed  between 
the  trial-line,  two  sides  of  the  field,  and  the  required  line,  and  con- 
taining the  difference  between  the  required  content  and  that  parted 
off  by  the  trial-line. 
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0.  Bt  A  LraB  BuHNTira  ts  ant  Gitkn  DtKXonoii. 
413.  To  part  off  a  Trianf^le,     By  couBtrnction,  on  the  ground 
or  the  plat,  proceed  nearly  as  in  Art.  410,  setting  oat  a  lice  in  the 
required  direction,  oalonlating  the  triangle  thns  formed,  and  otn 
taining  B  F  by  the  same  formula  as  in  that  article. 


414.  If  the  fiel 
OBAaDdQFB; 


I  be  given  by  bearings,  find  from  them  the  angles 
then  is  B F  =  Vp  X  BFG  sin.  (B +  F)\ 
^  \        Eiin.  B  .  sin.  F         / 


Example.  Let  B  A  bear  8.  30°  E.  ;  BO, 
K.  80°  £.  ;  and  a  fence  be  reqnired  to  run  from 
some  point  in  B  A,  a  due  north  course,  and  to 
part  off  one  acre.  Bequired  the  distance  from 
B  to  the  point  F,  whence  it  most  start.  Am. 
The  angle  B  =  70%  and  F  =  30".  Then  B  F 
=  6-47. 

The  scale  of  Fig.  393  is  6  chains  to  1  iuch 
s  1  :  4753. 


416.  To  part  tX  a  anadrllateraL    Let  it  be 

reqnired  to  part  oft,  by  a  liue  running  in  a  given  direction,  s 

quadrilateral  from  a  field  in  which  are  given  the  side  A  B,  and 

the  directions   of    the  two 

other  sides  raoning  from  A 

and  from  B. 

On  the  ground  or  plat 
produce  the  two  cooTcrging 
sides  to  meet  at  some  point 
E.  Calculate  the  content  of 
the  triangle  ABE.  Meas- 
nre  the  side  A  E.  From 
ABE  subtract  the  area  to 
be  out  off,,  and  the  remain- 
der will  be  the  content  of 
the  triangle  ODE.  From  A  set  ont  a  line  A P  parallel  to  the 
given   direction.      Find   the  content  of  A  B"?.      Take  it  from 
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ABE,  and  thos  obtain  AFB.     Then  this  formola,  ED  =  AB 

I^FX^'   ^^  ^*  *^  P*>'°*  D,  uinoe  AD  =  AE-ED. 

When  the  field  and  the  dividing  line  are  giTea  by  bearings, 
prodaoe  tbe  aides  as  in  the  laat  article.     Find  all  the  angles  from 
the  bearings.     Oalcnlate  the  oont«nt  of  the  triangle  ABE,  b;  the 
formula  for  one  side  and  its  inolading  angles.     Take  the  desired 
content  from  this  to  obtain  G  D  E.     OalctUate  the  side  A  E  =  A  B 
_    //2_X  CPE,  sm.  D  C  E\ 
V\    Bin.  E.  sin.  ODE     }' 
Demmtratim.    Sinoe  triangles  whioh  have  an  uigle  in  each  «qiial,  m* 
aa  tha  prodaoU  of  tbe  aides  about  tbe  eqaal  angles,  we  have 
ABE:ODE::AExBB:OE>c  D£. 

ABE-J.AB'.?!Hl4^^.        AE=AB.^. 
'  «n.  (A  +  B)  mn.  S 

BE.AB.'?^.  OE  =  DE.^?^. 

eon.  E  sukDOE 

Snbatitating  theee  vahiea  in  tbe  preceding  proportion,  OMkoeling  tbe  oommoB 
fcctors,  obeerving  that  sin.  (A  +  B)  =  rin.  E,   mnltiplying  extremes  and 

means,  and  dividing,  we  get  DE  =|/ (    ain,  E  .  sin.  0  BE  J  ' 

ExampU.  Let  D  A  bear  S.  aoj"  W. ;  A  B,  N.  61^"  W.,  8-19 ; 
B  0,  N.  ?8^°  E  ;  and  let  it  be  required  to  part  off  two  aorea  b;  a 
fence,  D  0,  mnning  N.  45°  W.  Ana.  A  B  E  =  32-66  sqoan 
chains;  whenoe  CD E  =>  12-56  sqnare  chains.  Also,  AE  =  8-37  ; 
and,  finaUy,  A  D  =  8-3?  —  5  fil  =  2-86  chains. 

Tbe  scale  of  Fig.  293  is  6  chains  to  1  inch  =>  1  :  3960. 

If  the  snm  of  the  angles  at  A  and  B  were  more  than  two  right 
angles,  the  point  E  wonld  lie  on  tbe  other  aide  of  A  B.  The  neoee- 
sar;  modifications  are  apparent. 

416.  To  part  off  any  Pignre.  Proceed  in  a  similar  manner  to 
that  deeoribed  in  Art.  413,  by  getting  a  suitable  trial-line,  pro- 
dncing  the  sides  it  intersects,  and  then  applying  the  method  jnst 
gireo. 

D.  Bt  jl  Lnra  tfiixrrsa  pbou  a  Oitbn  Ponrr  nr  x  %am. 

417.  To  part  off  a  Triangle.  Let  it  be  required  to  ont  of  from 
a  comer  of  a  field  a  triangular  space  of  given  content,  by  a  lint 
ftarting  from  a  given  point  on  one  of  the  sides,  A  in  the  flgora, 
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the  base,  A  B,  of  the  deaired  triangle  being  thus  giren.    If  the 

field  be  given  on  the  gionnd  or  od 

a  plat,  divide  the  given  content 

b;  half  the  baae,  and  the  quotient 

will  be  the  height  of  the  triangle. 

Set  off    this    difltance  from  any 

point  of  A  B,  perpendioolar  to  it, 

as  from  A  to  0  ;  from  C  set  oat 

a  parallel  to  A  B,  and  its  inter- 

■eotion  with  the  second  Bide,  as  at 

D,  will  be  the  vertex  of  the  reqnired  triangle. 

Otherwise  :  Divide  the  required  content  by  half  of  the  perpen* 
dioolar  distance  from  A  to  B  D,  and  the  quotient  will  be  B  D. 

If  the  field  be  given  by  the  bearings  of  two  aidns  and  ttie 
length  of  one  of  them,  deduce  the  angle  B  (Fig.  294)  from  the 

bearings.    ThenisBD^  fif"^?"  . 
*^  A  B  .  em.  B 

If  it  IB  mora  convenient  to  fix  the  point  D,  by  the  eeoond 
method,  that  of  Tectangal&r  co^Tdinstee,  we  shall  have  B  E  a 
BD.ooe.B;aDdED  =  BD.  sin.  B. 

The  bearing  of  A D  is  obtained  from  the  angle  BAD,  whioh  ii 

.  .       ED  ED  .       „.„ 

known.  «noeg-j=  j^^^B^  =  tan.  BAD. 

Example.  '  Eighty  acres  are  to  be  eet  off  from  a  comer  of  % 
field,  the  course  A  B  being  N.  80°  W.,  sixty  ch^ns  ;  and  the  bear* 
ingofBD  being  N.  70°  E.  Ana.  B  D  =  53S3  ;  BE  =  46-19; 
E  D  =  26-67  ;  and  the  bearing  of  A  D,  N.  17°  33'  W. 

The  scale  of  Fig.  294  is  40  chains  to  1  inch  =  X  :  81680. 

If  the  field  were  right-angled  at  B,  of  course  D  B  «  — .-s-  . 

41S.  To  part  off  a  ftvadrilateraL  Imagine  the  two  converging 
■idea  of  the  field  produced  to  meet,  as  in  Art  416.  Oalonlate  th« 
eoDtent  of  the  triangle  thus  formed,  and  the  question  will  then  be 
reduced  to  the  one  explained  in  the  last  two  articles. 

419.  To  put  off  any  ngnn.  Proceed  as  directed  in  Art  416. 
Otherwise,  proceed  as  follows  : 
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The  field  being  given  on  the  ground  or  on  a  plat,  find  on  which 
side  of  it  the  leqaired  line  wiU 

FlO.  2BS.  o        V         J  ■ 

end,    by    drawing    or    mnnmg 

X^\„^  "  goeBft-lines "  from    the    given 

/      /\_  point    to    Tariona    angles,    and 

1      /       \-  roaghly  measnring   the   content 

/  /  ^.-^'^X,  ^Ms  parted  off.      If,  as  in  the 

J/,^"^^^^_ — ^B     fignre,  A  being  the  given  point, 

^  /        the  guess-line  A  D  part^  off  less 

than  the  required  content,  and 
A  E  parts  off  more,  then  the  desired  division-line  A  Z  will  end  in 
the  side  D  £.  Subtract  the  area  parted  off  b;  A  D  from  the  re- 
qaired  content,  and  the  difference  will  be  the  content  of  the  tri- 
angle ADZ.  Divide  this  b;  half  the  perpendicnlar  let  fall  from 
the  given  point  A  to  the  side  D  E,  and  the  quotient  will  be  the 
base,  or  distance  from  D  to  Z. 

Or,  find  the  content  of  A  D  £  and  make  this  proportion : 
ADE:ADZ  ::DE  :DZ. 

The  field  being  given  by  bearings  and  distances,  find  aa  be- 
fore,  by  approximate  trials  on  the  plat,  or  otherwise,  which 
side  the  desired  line  of  division  will  terminate  in,  as  D  E  in 
the  last  fignre.  Draw  A  D.  Find  the  latitude  and  departure 
of  this  line,  and  thence  its  length  and  bearing.  Then  calculate 
the  area  of  the  space  this  line  parts  off,  A  B  G  D  in  the  flgnre, 
by  the  usual  method,  explained  in  Part  I,  Chapter  III.  Sub- 
tract this  area  from  that  required  to  be  cnt  off,  and  the  remainder 
will  be  the  area  of  the  triangle  ADZ.    Then,  as  in  Ari  415,  D  Z  = 

gADZ 
AD.  sin.  ADZ' 

This  problem  may  be  executed  without  any  other  table  than 
that  of  latitudes  and  departures,  thus  :  Find  the  latitude  and  de- 
parture of  D  A,  as  before,  the  area  of  the  space  A  B  0  D,  and 
thence  the  content  of  A  D  Z.  Then  find  the  latitude  and  departure 
of  E  A,  and  the  content  of  A  D  E.  Lastly,  make  this  proportion  : 
ADE  :ADZ  ::DE:DZ.* 

*  Tb*  problem  ma;  mlso  b«  performed  b;  making  the  Bide  on  irUiA  the  divldoiL- 
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Example.  In  the  field  ABODE,  etc.,  part  of  which  is  abown 
in  Fig.  295  (on  a  aoale  of  i  ofaains  to  1  inch  =  1 :  3168),  one  acre 
is  to  be  parted  off  on  the  west  side,  b;  a  line  starting  from  the 
■ogle  A.  Beqaired  the  distance  from  D  to  Z,  the  other  end  of  this 
dividing  line.* 

The  only  coorsea  needed  are  these  :  AB,N.  63°  W.,  1*55  ;  BG, 
N-SCE,  3-00;  OD,  N.  53i°  E.,  1-32;  DE,S.57°E,  6-79.  A 
rough  measurement  will  at  once  shov  that  A  B  0  D  ia  leea  than  an 
acre,  and  that  A  B  (J  D  E  is  more  ;  henoe  the  desired  line  will  fall 
on  D  E.  The  latitudes  and  departares  of  A  B,  B  G,  and  0  D  ore 
then  found.  From  them  the  coarse  A  D  ia  fonnd  to  he  N.  8°  1'  2 »" 
E.,  3*634.  The  content  of  ABOD  will  be  3-19  square  chains. 
Sabtracting  this  from  one  acre,  the  remainder,  6*81  square  chains, 
ia  the  content  of  ADZ.  AP=:3-63  X  sin.  66°  =  3-29.  Dividing 
A  D  Z  by  half  of  this,  we  obtain  D  Z  =  4-14  chaina. 

By  the  second  method,  the  latitude  and  departure  of  D  A,  the 
area  of  A  B  C  D,  and  of  A  D  Z,  being  found  aa  before,  we  next  find 
the  latitude  and  departure  of  E  A  from  those  of  A  D  and  D  E,  and 
thence  the  area  of  A  D  E  =s  9  '53.  Lastly,  we  have  the  proportion 
8-58  :  6-81  : :  fi-79  :  D  Z  =  4-14,  as  before. 


£.  Bt  a  Lure  pamiso  THsouaa  a. 

420.  To  part  off  a  Triangle. 
Let  P  be  a  point  within  a  field 
throagh  which  it  is  required  to 
run  a  line  so  ae  to  part  off  from 
the  field  a  given  area  in.the  form 
of  a  triangle. 

When  the  field  ia  given  on 

line  it  10  (all,  •  m«i1iUui,  utd  cbukgiiig 
(be  bekringe.  The  difference  of  the  neir 
depftrtnrei  will  be  tbe  departure  of  the 
dtTiolon^Une.  lu  poalUon  eau  then  be 
eaiilf  determiiied. 

*  If  the  whole  field  hu  been  eorve^ 
and  balanced,  the  balanced  latitudes  and 
departoTae  ebould  be  used.  We  will  here 
tuppoee  the  iarT«j  to  hare  proved  per- 
fectly OMiceL 


Qirax  PoDTT  wiTHnr  tbb  Fnut. 
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the  groond  or  on  a  plat,  the  diTieioa  can  be  made  b;  oomtroation, 
thna :  Divide  the  given  area  b;  half  of  the  perpendicaUr  distance 
from  P  to  A  0,  and  set  off  the  qootient  from  C  to  G.  Bisect 
0  0  in  H.  From  P  draw  P  E,  parallel  to  the  side  B  0.  On  H  £ 
describe  a  semicircle.  On  it  aet  ofE  E  K  =  £  0.  Join  K  H.  Set 
off  H  L  s  H  K.  The  line  L  U,  drawn  from  L  through  P,  will 
be  the  divieion-line  reqnired.*  If  H  K  be  set  oB  in  the  contrary 
direction,  it  will  fix  another  line  L'  P  M',  meeting  0  B  prodaced, 
and  tbns  partdng  off  another  triangle  of  the  required  content. 

Demontlratitm.  B7  constraotion,  G  P  0  =  the  required  content.  Now, 
G  P  0  =  O  D  0,  finoe  thej  have  the  ume  base  and  eqnol  altitudes.  We  have 
now  to  prove  that  LMO=  GDO.  '  These  two  triangles  have  a  oommon 
an^e  at  0.  Henoe,  the7  are  to  each  other  as  tbe  rectanglea  of  the  adjacent 
ridet— i.  e., 

GDO:LMO::  O0x0D::L0xCM. 
Here  0  H  is  nnknown,  and  must  be  eliminated.    We  obtwn  an  expression  tor 
It  bj  means  of  tbe  nmilar  triangles  L  M  0  and  L  G  P,  nhiob  give 
LE:LO::EP  =  OD:CM. 

Henea,  0  M  3 p= .     Snbstitnting  this  value  of  0  M  in  the  flnt  i»v 

portion,  and  canceling  0  D  in  the  last  two  terms,  we  get 

GDO:LMO!:GO:  ^!  or  GD  0  :  LMO  : :  GO  x  LK:  LO". 

LC»  =  (LH  +  HO)'  =  LH'  +  2LH  x  H0  +  HO". 
Bnt,  hj  oonstmction, 

LH»=HK'=HE»— EK'=HE*— EC=(HE+EC)(HE— EO)=HO{HE— EO). 
Also,  G0  =  2H0;  andLE  =  LH  +  HE. 

Sabititattiig  these  values  in  tbe  last  proportion,  it  becomes 


GDC:LMO::a.HO(LH  +  HE> 
:3LH  +  il 


iHCfHE-EO+aLHxHO+HO*. 
-EO-i-aLH  +  HO. 
-EC  +  2LII  +  HE  +  Ea 
iSHE  +  SLH. 
Tbe  last  two  terms  of  this  proportion  are  thns  proved  to  be  eqnal.    Thera. 
fore,  tbe  flrat  two  terms  are  also  equal — i.  e.,  L  M  C  =  G  D  C  =  the  required 
content 

Since  HE=  V(HE*— E  K*),  it  will  have  a  n^atlve  as  well  as  a  pod- 
tive  value.  It  ma;  therefore  be  set  off  in  tbe  cootrar;  direction  from  L — 
L  e.,  to  L'.  The  line  drawn  ft'om  L'  through  P,  and  meeting  0  B  prodnced 
beyond  B,  will  part  off  anotA«- triangle  of  the  reqnired  content 

Example.  Let  it  be  required  to  part  off  81  ■176  acres  by  a  fence 
passing  throngh  a  point  P,  tbe  distance  P  D  of  P  from  the  side 

"  As  some  lines  in  the  figure  are  not  uwd  in  Che  construction,  thoi^  needed  fat 
the  demonstratioa,  the  atudent  should  dnw  it  hinuelf  to  a  huge  scale. 
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B  0,  measured  parallel  to  A  G,  being  6  ctiainB,  uid  D  C  18  chaiiis. 
The  angle  at  0  ia  fixed  by  a  "  tie-line  "  A  B  =  48-00,  B  C  being 
43-00,  and  C  A  being  80-00.     Ant.  ^_  ^^ 

,  C  L  =  27-31  ohainfl,  or  C  L'  =  7-69 
chains. 

The  figure  ib  on  a  scale  of  ^ 
chains  to  1  inch  =  1  :  15840. 

If  the  angle  of  the  field  and  the 
position  of  the  point  P  are  given  by 
bearings  or  angles,  proceed  thiis  : 
Find  the  perpendiciilar  distances,  F  Q 
and  P  B,  from  the  given  point  Xa      " 

the  sides,  by  the  formnlas  P  Q  =  P  C  .  si^.  P  C  Q  ;  and  P  R  s 
PO-sin-POR.     LetPQ  =  g',  P  E  =^,  and  the   required  con- 


t  =  c    Then  0  L ; 


-p      V^p'-^8in.LCM/" 


Detwmtratten.  SnppoM  the  line  L  H  drawn.  Then,  bj  Art  81,  note, 
the  required  content,  0~^.OLx  OM.sin.  LCU.  This  oonteot  will  alto 
equal  the  gam  of  the  two  triangles  L  0  F  andMOP— L  e.,  (i  =  i.OLxp  + 

^ .  0  U  X  ;.    The  Srst  of  these  equations  ^ves  0  H  = 


~OL.dn.LOH* 
SatwtJtDtiiig  tliia  in  the  second  equation,  we  have 


a  =  i.  CL  xp  +  T 


OL.Bin.LOM' 
Whenoe,  ^;>.  OL'.  un.  LOM  +  e?  =«  .  OL  .  ain.L01I. 

IVaospoaiiig  and  dividiog  b7  the  coefficient  ol  0  L*,  we  get 


p  '  p  .  dn.  OLH' 

'"■=i*\/(?-p.l'lc,i)- 

If  the  i^Ten  point  ia  outtide  of  the  lines  0  L  and  0  M,  coDoeive  the  d»> 
fired  line  to  be  drawn  from  it,  and  another  line  to  join  the  given  point  » 
the  comer  of  the  Held.  Then,  as  above,  get  expressiooB  for  the  two  trian^es 
thaa  formed,  and  pat  their  snm  equal  to  the  ezpreBsion  for  the  triangle  which 
comprehends  them  both,  and  thence  deduce  the  deored  distance,  nearl;  aa 
above. 

Example.  Let  the  angle  L  C  M  =  83°.  Let  it  be  required  to 
part  ofF  the  same  area  as  in  the  preceding  example.  Let  PC  = 
19-75,  PCQ=17''30J',  PCR=64''29V.  Required  C  L.  Ans. 
PQ  =  5-94,  PE=  17-82,  and  therefore,  by  the  formola,  CL  = 


^dbvGoo^^lc 


278 


LAND-aURVETlNG. 


37-31,  or  CL'  =  7-69;  correeponding  to  the  graphical  aolatioa 
The  fignre  is  on  the  same  scale. 

If  the  given  point  were  withmU  the  field,  the  diriBioii-line  could 
be  determined  in  a  similar  manner. 

421.  To  put  off  a  anadrUstenL    OonceiTe  the  two  sides  of  the 
field  which  the  division-line  will  intersect,  D  A  and  C  B,  produced 
till  they  meet  at  a  point  G,  not  shown  in 
the  fignre.     Calculate  the    triangle    thus  Fto.298. 

formed  outside  of  the  field.  Its  area,  in- 
creased by  the  required  area,  will  be  that 
of  the  triangle  E  F  G.  Then  the  problem 
is  identical  with  that  in  the  last  article. 
The  following  example  is  that  given  in 
Gnmmere's  "  Surveying."  The  fignre  rep- 
resents it  on  a  scale  of  30  chains  to  1  inch 
=  1  :  15840. 

Example.  A  field  is  bounded  thus  :  M".  14»  W.,  16-20  ;  N.  TOf 
E.,  20-43  ;  8.  6°  E.,  22-79  ;  N.  86^"  W.,  18-00.  A  spring  within 
it  bears  from  the  second  comer  S.  76°E.,  7-90.  It  is  required  to 
cut  off  10  acres  from  the  west  side  of  the  field  by  a  straight  fence 
through  the  spring.  How  far  will  it  be  from  the  first  comer  to 
the  point  at  which  the  division-fence  meets  the  fourth  side  P   Ana. 


42S.  To  part  off  any  Figure.  Let  it  be  required  to  part  off  from 
a  field  a  certain  area  by  a  line 
passing  through  a  given  point 
F  within  the  field.  Bud  a 
gaesB  -  line  A  B  through  P. 
Calculate  the  area  which  it 
parts  off.  Call  the  difference 
between  it  and  the  required 
area  =  d.  Let  G  D  be  the  de- 
sired line  of  division,  and  let 
P  represent  the  angle,  APO 
or  B  P  D,  which  it  makes  with  the  given  line.  Obtain  the  angles 
PAO  =  A,  andPBD  =  B,  either   by   measurement,    or   by   d» 
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duction  from  bearings.     Measure  PA  and  P  B.    Then  the  desired 
angle  P  will  be  given  b;  the  following  formula: 

Oct  P=  -t(oot  A  +  cotB-^— 2'^^)± 

p  /A  P  .  cot  B  —  B  F  .  cot  A  ,    .         .    „  , 

\y g^— —  —  cot  A .  cot  B  + 

}(cot  A+cotB--^^;;"^']. 

If  the  gneBs-line  be  run  so  as  to  be  perpendioolar  to  one  of  the 
eides  of  the  field,  at  A,  for  example,  the  preceding  expression  re- 
dnces  to  the  following  simpler  form  : 

Oct  P=^i(cot  B--^^g~°^)± 

/rAPVcot-B  ,   ,/    ,   „        AP'-BPVT 

Demotutration.  The  difference  d,  between  the  areas  parted  off  hj  the 
gness-IIne  A  B,  and  the  reqaired  line  0  D,  ia  eqnal  to  the  difference  between 
the  trianglea  A  P  0  and  B  P  D. 

By  Art  61,  note,  the  triangle  APO  =  i  .  AP*  ■ -f  :*.^^^- . 
Bin.  (A  +  r) 

SimUarly,  the  triangle  B  P  D  =  *  .  B  P*  ^Bll/J^- ? . 
am.  {a  +  P) 

rfmAjin^_  wnjkrin^ 

*■  ain.(A+P)      •  •rfn.O+P)* 

Bj  the  expresBion  for  ain.  {a  +  h)  [Trigonometry,  Ait.  8],  we  hare 

i-lAP'  Bin.  A  .  wo.  P  _iBP'  "n-  B  .  ain.  P 

•         'rin.A.oo8.P+ain.P.oo8.A    "        'rin.B.ooa.P+dn.  P.oo^  B 

Dividing  each  fraotion  by  ita  ntimerHtor,  and  remembering  that  — « 

-=  cot  a,  we  have 

^  i  AP" 4  B ?• 

~  cot.  P  +  cot.  A        cot.  P  +  oot.  B  ■ 
For  convenience,  let  p^cot  P;  a  =  cot.  A;  and  fi  =  oot.  B.    The  above 
equation  will  then  read,  mnltiplying  both  aidea  bj  9, 

j>  +  A      ;>  +S 
Olearing  of  fractions,  we  have 

aip'+2<i<ip  +  ai6p  +  2(ioi=p.AP'+J.  A  P*-/..  BP"-*! .  B  P* 
Tranapoung,  dividing  tbroogh  by  8  ^  and  aoparating  into  factors,  we  get 
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If  A  =  90°,  cot.  A  =  0;  and  the  «ipr«aaioii  rednoM  to  th«  nmpler  form 
{^Ten  in  the  u-dole. 

Example.  It  was  reqoired  to  ont  off  from  a  field  twelve  aorei 
by  a  line  paeaing  through  a  spring  P.  A  gnesB-line,  A  B,  was  ran 
making  an  angle  with  one  aide  of  the  field,  at  A,  of  56°,  and  with 
the  opposite  side,  at  B,  of  81°.  The  area  thns  cat  off  was  found 
to  be  13*10  aciea.  From  the  spring  to  A  was  9-30  chuns,  and  to 
B  3-30  chains.  Beqoired  the  angle  which  the  required  hue,  G  D, 
must  make  with  the  guees-line,  A  B,  at  P.  Ans.  20°  45' ;  or 
—  86°  26'.     The  heavy  broken  line,  0'  D',  shows  the  latter. 

The  scale  of  the  figure  is  10  chains  to  1  inch  =  1  :  7930. 

If  the  given  point  were  outside  of  the  field,  the  oalculationB 
would  be  similar. 

F.  Bt  thb  SsoBrnT  Fobbibui  Lnn. 
4S3.  To  part  off  a  Triangle.    Let  it  be  required  to  part  off  a 
triangular  space,  B  D  E,  of  given  content,  from 
„      the  corner  of  a  field,  A  B  0,  by  the  shortest  pos- 
sible line,  D  E. 

From   B  set  off  BD  and  BE  each  equal  to 

^  K^  \ .    The  line  D  E  thus  obtained  will 

be  perpendicular  to  the  line,  B  F,  which   bi- 
sects   the    angle    B.     The    length    of    D  E  = 
V  (2  ■  D  B  E  ■  sin.  B) 
008.  IB 

Dtmumttration    OoDoeive  a  perpendicular,  B  P,  to  be  let  fall  from  B  to 

the  required  line  DE.    Let  B  represent  the  angle  DBE,  and  jSthe  anknown 

angleDBP.    The  angle  B.DF  =  »0°— S;  and  the  angle  B E F  =  90' — 

(B  — 19)  =  00'  — B+j9.    Br  Art.  61,  note,  the  area  of  the  trian^e  DBE 

rin.BDE.mn.BED  ain.  (W°— ff)  rin.  (flO°-B+g) 

a.(BDE  +  BED)      *"^-  ^n.  B 

TT          Tim                 3  ^  OBE  >c  sin.B                  S  x  DBE  x  ain.B 
Henee,  DE'= =  . 

^  sin.  (90°—  j9) .  (Mn.  (90°—  B  +  3)       oos.  ^  .  ooa.  {B  —  /S) 

Now,  in  nrder  that  D  E  maj  be  the  least  possible,  the  denominator  of 

the  laat  fraction  maat  be  the  greatest  poBBible.    It  maj  be  transfbrmed,  Ysf 

the  formnla,  oob.  a  .  ooa.  &  =  i  oob.  (a  +  fi)  +  -^ .  cos.  (a  —  V)  [Trigonomatrr, 

Art  8],  into  i  ooa.  B  -I-  (  .  oot.  (B  —  3  0).    Since  6  i«  oonstant,  the  vrine  of 


-iDE'. 
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this  expresMon  depeads  on  iti  second  term,  and  that  will  be  the  greatest  i>o»- 
rible  whea  8  —  2  jS  =  0,  in  wbioh  oase  /9  =  }  B. 

It  faeoM  ^>pears  tbst  tbe  reqairod  Itoe  D  £  is  perpendicnlBr  to  the  line, 
B  F,  whicb  biseots  the  prea  angle  B.  This  gives  the  diTtotwti  in  vtiioh 
D  E  is  to  be  rou. 

Its  Btarting-poiut,  D  or  E,  is  foaud  tbas :  The  area  of  the  triangle  D  B  E 
^  i  B  D  .  B  E  .  sin.  B.     ^oo  the  triangle  ia  isosoelea,  this  beoomea 

DBE  =iBD'.Bin.B;  whence  B  D  =  4/(^—1^^  J  . 
D  E  ia  obtained  from  the  expreeaion  forDE*,  which  beoomea,  making  jSse^B, 
axDBExsig^  ./(a.DBE.ain-B) 

ooa.  i  B  .  COS.  i  B  '       ^^  ooa.  |  B 

BxampU.  Let  it  be  reqaired  to  part  off  1  '3  acre  from  the  cor- 
ner of  a  field,  the  angle,  B,  being  30°.  Am.  B  D  =  B  E  ==  731 ; 
and  DE  =  3-73. 

The  Bcale  of  the  figtue  is  10  chains  to  1  inch  =  1  :  7930. 

O.  hum  OF  Takiaali  Taluk, 

484.  Let  tbe  figare  represent  a  field  in  which  the  land  is  of  tiro 
qnalitiee  and  values,  divided  by  tbe  "  quality-line" 
EF.     It  is  required  to  part  off  from  it  a  quantity     ^  ^^  '^• 
of  land  worth  a  certain  anm,  by  a  straight  fence 
parallel  to  AB. 

Multiply  the  valne  per  acre  of  each  part  by 
its  length  (in  chains)  on  the  line  AB,  add  the 
products,  multiply  the  value  to  be  set  off  by  10, 
divide  by  tbe  above  som,  and  the  quotient  will  be 
the  desired  breadth,  B  0  or  A  D,  in  cfauns. 

DmumstratuM.  Let  a  =  valae  per  acre  of  one  portion  of  the  bnd, 
and  b  that  of  tbe  otber  portioa    Let  x  =  tbe  width  required,  B  0  or  A  D. 

TbenthevalueofBOFE=aa  x  "  \q^,  and  the  valne  of  A  D  P  E  =  J  x 
«  X  AE 

10 

Patting  tbe  snm  of  these  eqnal  to  the  valna  required  to  be  parted  oS,  we 
obtain    —  ^^°^  reqoired  x  10 
*~<i  xBE  +  5xAE' 

Exampls.  Let  the  land  on  one  side  of  E  F  be  worth  |300  per 
acre,  and  on  tbe  other  side  llOO.  Let  the  length  of  the  former, 
BE,  be  10  ohsins,  and  E  A  be  30  chains.     It  ia  required  to  part  oft 
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»  quantity  of  land  worth  ♦7,500.  Ant.  The  width  of  the  desired 
sbip  will  be  15  chains. 

The  scale  of  the  figare  is  40  ohains  to  1  inch  s^  1  :  31680. 

If  the  "  quality-line  "  be  not  perpendicnlar  to  A  B,  it  may  be 
nude  so  by  "  giring  and  taking,"  or  as  in  the  article  following 
this  one. 

The  same  method  may  be  applied  to  land  of  any  namber  of 
different  qualities ;  and  a  combination  of  this  method  with  the 
preceding  problems  will  solve  any  caae  which  may  occur. 

E.  STRuaHmmro  Gbookbd  Fenoxb. 
43S.  It  is  often  required  to  snbstitnte  a  straight  fence  for  a 
orooked  one,  so  that  the  former  shall  part  off  precisely  Uie  same 
qtumtity  of  land  as  did  the  latter.    This  can  be  done  on  a  plat  by 


the  method  given  in  Art.  76,  by  which  the  iiregalar  figure  1...3... 
3...4...6  is  reduced  to  the  equivalent  triangle  1...6...3',  and  the 
straight  line  fi...3'  therefore  parts  off  the  same  quantity  of  land  on 
either  side  as  did  the  crooked  one.  The  distance  from  1  to  3',  as 
found  on  the  plat,  can  then  be  set  out  on  the  ground  and  the 
Bbaight  fence  be  then  ranged  from  3'  to  &. 

The  work  may  be  done  on  the  ground  more  accurately  by  ma- 


ning  a  gneo-line,  A  0,  Fig.  303,  across  the  bends  of  the  fe 
which  crooks  from  A  to  B,  measuring  oftsets  to  the  bends  on  e 
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side  of  the  gaeaa-line,  and  calcnlating  their  content.  If  the  sums 
of  these  areas  on  each  side  of  A  C  chanced  to  be  equal,  that 
would  be  the  line  desired  ;  but  if,  aa  in  the  figure,  it  passes  too  far 
on  one  aide,  divide  the  difference  of  the  areas  b;  A  0,  and  set  off 
the  qaotient  at  right  angles  to  A C,  from  A  to  D.  DC  will  then 
be  a  line  parting  off  the  same  quantity  of  land  as  did  the  crooked 
fence.  If  the  fence  at  A  was  not  perpendicular  to  A  0,  but  oblique, 
■8  A  E,  then  from  D  ran  a  parallel  to  A  0,  meeting  the  fence  at  E» 
and  EO  will  be  the  required  line. 

DIVlDinO  TTP  IiASD. 
436.  Most  of  the  problems  for  "dividing  up"  land  may  be 
brought  under  the  oases  in  the  preceding  articles,  by  regarding  one 
of  the  portions  into  which  the  figure  is  to  be  divided  as  an  area 
to  be  "parted  oS"  from  it.  Uany  of  them,  however,  can  be  most 
neatly  ezeonted  by  considering  them  as  independent  problems,  and 
this  will  be  here  done.  They  will  be  arranged,  first,  according 
to  the  simplicity  of  the  Bgure  to  be  divided  up,  and  then  sttb- 
arranged,  according  to  the  manner  of  the  diviaion. 

Division  of  Txitingles. 

427.  By  Linei  parallel  to  a  Side;     Suppose  that  the  triangle 
A  B  C   is  to  be  divided  into  two  equivalent 
parts  by  a  line  parallel  to  AC.     The  desired 
point,  D,  from  wbioh  this  line  is  to  start, 
will  be  obtained  by  measoriog  B  D  =  A  B  V*         ~^ 
},    So,  too.  Bis  fixed  by  BB=  BO  Vf  ^^^ 

Generally,  to  divide  the  triangle  into  two 
parts,  B  D  E  and  AGED,  which  shall  hare  to  each  other  a  ratio 

=  m  :%,  we  have  B  D  =  A  B  4/  — ; — . 
r   m+  n 

F10.  SOB.  This  may  be  constructed  thus  :    Describe  a 

,V' -""'-i'         semicircle  on  A  B  as  a  diamet«r.     From  B  set  off 

.'    \  ^^~j4    \        B  F  =— ^  .  B  A.     At  F  erect  a  perpendicular 

'\   /  \      meeting  the  semicircle  at  G,     Set  off  B  G  from 

A  c     B  to  D.     D  ia  the  etarting-point  of  the  division 


FlO.  804. 
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line  required.     Id  the  fi^re,  the  two  p&rta  are  as  3  to  3,  and 
B  F  is  therefore  =  f  B  A. 

To  divide   the  triangle  ABO  into  five  equivalent  parts,  we 
ahoald  have,  Bimilarlj,  B  D  =  A  B  y'-^ ; 
Fiasoe.^  BD'=  AB  v't;BD'  =  ABv'*;  BD'" 

=  ABVf 

The  same  method  will  divide  the  tri- 
angle into  anj  desired  nntnber  of  parts 
haviDg  an;  ratios  to  each  other. 

488.  By  Linu  perpendioulu  to  a  Bide. 

Suppose  that  A  B  G  is  to  be  divided  into 
two  parts  having  a  ratio  =  m  :  n,  by  a  line  perpendicalar  to  A  C. 
Let  E  F  be  the  dividing  line  whose  po- 
Bition  is  required.    Let  B  D  be  a  per-  *^o-  >W. 

pendionliyr  let    fall  from   B    to  A  0. 

Then  is  A  £  =  y/^A  0  X  A  D  X 

-^V  InthiBflgnK.,AFE:EPBO 

: :  m  :  »  : :  1  :  S. 

If  the  triangle  had  to  be  divided  into  tvo  eqaivalent  parts,  tiu 
above  expression  would  become  AE=  ^(^ACxA  D). 

J)mtonttratum.    B7 hypotheais,  A  E F :  E  F  B  0  : :  fn:n;  whence  A  £F: 

ABOi:Bi!m  +  »;    and  AEF=ABO  — ^—  _  ^  ^  >'  ^  ^ .  _g__  . 
ffl  +  n  2  m  +  n 

Alto,  AEF  =  i.  AE  xEF. 

The  timilor  triangles  A  £  F  and  A  BD  give  AD:DB::AE:EF=; 

— T-w —  .    The  second  expresmon  for  A  E  F  then  becomes  A  E  F  = 

^  A  £  .  ^^^j^^      Eqnating  this  with  the  other  value  of  A  E  F,  we  hara 

AOxDB      m         AE'xDB       ,  ._  //.  ^      .  „        m    \ 

. = — - ;  whence  AE  =  j//AOxADx 1. 

8  m+»        a. AD'  V  \  m  +  n/ 

439.  By  Linei  numla^  in  any  CKT«n  Direetion.  Let  a  triangle. 
A  B  0,  be  given  to  be  divided  into  two  parts,  having  a  ratio  =  m:n, 
by  a  line  making  a  given  angle  with  a  side.     Fart  off,  as  in  Art 

413  or  414,  Fig.  293,  an  area  BFG=  -^  .  ABa 
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480.  By  linM  starting  from  ui  Angle.  Divide  the  dde  oppo> 
nta  to  the  given  angle  into  the  required  num- 
ber of  parts,  &ai  draw  lines  from  the  angle 
to  the  points  of  division.  In  the  figure  the 
triangle  is  represented  as  being  thus  divided 
into  two  equivalent  parts. 

If  the  triangle  vrere  required  to  he  divided 
into  two  parts,  having  to  each  other  a  ratio  = 


If  the  triangle  had  to  be  divided  into  three 
parts  which  should  be  to  each  other  :  :m  :  n 

:  p,  we  should  have  A  D  =  A  0  — i ; —  , 

D  B  =  A  0  — ,*"  ,      ,    and  E  C  =  A  0 
ft  +  n+p 

P 


m  +  n+p 
Suppose  that  a  triangnlar  field,  ABC,  had  to  be  divided  among 
five  men,  two  of  them  to  have  a  quarter  each,  and  three  of  tbem 
each  a  sixth.  Divide  A  G  into  two  equal  parts,  one  of  these  again 
into  two  equal  parts,  and  the  other  one  into  three  equal  parts. 
Rnn  the  lines  from  the  four  points  thus  obtained  to  the  angle  B. 

431.  By  Lines  starting  frton  a  Point  in  a  Side,    Suppose  that 
the  triangle  ABO  is  to  be  divided  into  two 
equivalent  parts  by  a  line  starting  from  a  point  '^ 

D  in  the  side  AO.  Take  a  point  E  in  the 
middle  of  AO.  Join  BD,  and  from  E  draw 
a  parallel  to  it,  meeting  A  B  in  F.  D  F  will 
be  the  dividing  line  required. 

The  point  F  will  be  most  easily  obtained 
on  the  ground  by  the  proportion  AD  :AB  ::AE  =  ^AC  :AF. 

The  altitude  of  A  F  D  of  course  equals  |^ABC-!-^AD. 

If  the  triangle  is  to  be  divided  into  two  parts  having  any  other 
ratio  to  each  other,  divide  A  0  in  that  ratio,  and  then  proceed  ai 

before.    Let  this  ratio  =  m  :»,  then  A  F  = 1^, ■  ^, -■ 

'  AD  fl»+» 
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Demimtbration.  Id  Fig.  SIO,  oonoeive  the  line  E  B  to  be  drawn.  The 
tri&Dgle  AEB^^A  BO,  faaving  the  aame  allitade  ud  half  the  base;  and 
A  F  D  =  A  E  B,  bacaose  of  the  eqaivalency  of  the  triangliw  E  F  D  and  E  F  B, 
which,  with  A  E  F,  make  op  A  F  D  and  A  E  B. 

The  point  F  is  fixed  b;  the  similar  triangles  A  D  B  and  A  E  F. 
The  eipreesion  for  A  F,  in  the  last  paragraph,  is  given  b;  the  proportion, 
ABC:ADF::ABxAO:ADx  AFj 
,  .„      ABxAC   ADF      AB x AO       m 


AD 


LBO 


AD 


Kext  Buppose  that  the  triangle  A  B  C  is  to  be  divided  into  thret 
eqaiTBlent  parts,  meeting  at  D.    The 
Fio.  siL  altitndea.  EF  and  OH,  of  the  parts 

AD  £  and  DC  G,  wUl  be  obtained  by 
difiding  |  ABO,  by  half  of  the  re- 
spectire  bases  A  D  and  D  G. 

If  one  of  these  quotients  gives  an 
altitude  greater  than  that  of  the  tri< 
angle  A  B  C,  it  will  show  that  the  two  lines  D  E  and  D  Q  would 
both  oat  the  same  side,  as  in  Fig.  313,  In 
which  E  F  is  obtained  as  above,  and  G  H  Fio.  312. 

=  iABC-i-iAD. 

In  practice  it  is  more  convenient  to 
determine  the  points  F  and  0,  by  these 
proportions : 

BK:AE  ::EF:AF;  andBE:  AK 
::GH:  AH. 
The  division  of  a  triangle  into  a  greater  number  of  parts,  hav- 
ing any  ratios,  may  be  eflected  in  a  similar  manner. 

This  problem  admits  of  a  more  elegant  so1iiH.,d,  analogous  to 
that  given  for  the  division  into  two 
parts,  graphically.  Divide  AO  into 
three  equal  parts  at  L  and  If.  Join 
B  D,  and  from  L  and  U  draw  parallels 
to  it,  meeting  A  B  and  B  G  in  E  and 
G.  Draw  E  D  and  G  D,  which  will 
be  the  desired  lines  of  division.  The  figure  is  the  same  triangle 
as  Fig.  311. 

The  points  E  and  O  can  be  obtained  on  the  ground  by  n 


Fi«.  SIS. 
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JDg  A D  and  A B,  and  making  the  proportion  AD  :  A B  : 
AE.     The  point  0  is  Bimilarly  obtained. 

The  same  method  will  dinde  a  triangle  into  a  greater  namber 
of  parte. 

To  divide  a  triangle  into  four  eqniTalent  triaugleB  by  lines 
terminating  in  the  sidee,  iB  very  easy. 
From  D,  the  middle  point  of  A  B,  drav 
D  £  parallel  to  A  0,  and  from  F,  the 
middle  of  A  0,  draw  F  D  and  F  K 
The  problem  is  now  solved. 

432.  B7  Lines  paMing  through  a  Point 
wlthin.the  Triangle.    Let  D  be  a  given  point  (snob  as  a  well,  etc.) 
within   a   triangular    field  ABO,   from 
P18. 8IS.  which  fences  are  to  run  so  aa  to  divide 

the  triangle  into  two  eqaivalent  parts. 
Join  A  D.  Take  E  in  the  middle  of  BO, 
and  from  it  draw  a  parallel  to  D  A,  meet- 
ing A  G  in  F.  E  D  F  is  the  fence  required. 
If  it  be  required  to  divide  a  trian- 
gle into  two  equivalent  parts  by  a  straight  line  passing  through 
a  point  within  it,  proceed  thus :  Let  P  be  the  given  point  From 
P  draw  P  D  parallel  to  A  0,  and 
PE  parallel  to  BC.  Bisect  AO 
at  F.  Join  F  D.  From  B  draw 
BO  parallel  to  DF.  Then  bi- 
sect G  G  in  H.  Oq  H  E  de- 
scribe a  semicircle.  On  it  set  oft 
E  K  =:  E  0.  Join  EH.  Set  oft 
HL  =  HK.  The  line  LM  drawn 
from  L,  through  P,  wiU  be  the 
division-line  required. 

This  figure  is  the  same  as  that 
of  Art.  416.     The  triangle  ABC 
contains  62-35  acres,  and  the  dia-    />■*'/ 
tanoe    0L  =  37-31    chaine,   as  in  ^"*  ' 
the  example  in  that  article. 
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4SS.  Next  suppose  tbst  the  triangle  A  B  G  ia  to  be  divided  into 
three  eqniTalent  parts  b;  lines  starting 
from  a  point  D,  within  the  triangle, 
given  by  the  rectangnlar  co-ordinates 
A  £  and  E  D.  Let  ED  be  one  of  the  ' 
lines  of  division,  and  F  and  G  the 
other  points  required.  The  point  P 
will  be  determined  if  A  H  is  known ; 

A  H  and  H  F  being  its  rectangnlar  co-ordinates.     From  B  let  USi 

the  perpendicniar  B  E  on  A  0. 

.  AK(IABO-AExED) 


Then  is  A  H  s 


The  position  of  the 


AExBK— EDX AK 
other  point,  O,  ia  determined  in  a  similar  manner. 

D»Man*tration.  Let  AE  =  3!,  ED  =  y,  AHsie',  BF  =  v',  AEso, 
KB  =  6. 

The  qnsdrilateral  AFDE,  equivalent  to  ^  ABO,  bat  which  w«  will 
repreeeot  geoerall j  b j  m',  \b  made  op  of  the  triwgle  A  F  H  and  the  tnpe- 
Eold  F  U  E  D. 

AFH  =  t.s'y'.  FHED  =  l(*-aO(l'  +  V')- 

.-.  AFDE  =  m'  =  J.i'y'  +  4(i-«0(y  +  y')  =  jT(y+y)-t«'y. 
The  similar  trianRles,  A  H  F  and  A  E  B,  gire 

a:b::g:y'  =  — . 
Sabatitnting  this  valne  of  y'  in  the  espreaaion  for  fn',  we  have 

/  *!='\ 

•»  =i*  \y  +~)  -*'!': 
.  .      »(2m'-iy)      AK(|ABO-AExED) 

"''«''■=*•  *=    fl^-ay    "    Kb'xAE-AExED   ' 

The  formala  is  g«nera],  whatever  may  be  the  ratio  of  the  area  m*  to  that 
of  the  triangle  ABO. 


Let  D  B,  instead  of  D  E,  be  one 
division.  Divide  i  A  B  G  by 
half  of  the  perpendicniar  D  H, 
let  faU  from  D  to  A  B,  and  the 
qaotient  will  be  the  distance 
BF.  To  find  G,  if,  as  in  this 
flgnre,  the  triangle  B  D  C  (= 
B  0  X  i  D  K)  is  lees  than  i 
ABO,  divide  the  excess  of  the 


I  the  reqnired  lines  of 
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latter  (vhich  will  be  C  D  G)  by  i  D  E,  and  the  quotient  wiU 
be  CG. 

JExampU.  Let  AB  =  3000;  BC  =  «00;  CA  =  50-00.  Let 
the  perpendiculars  from  D  to  the  sides  be  theee :  D£s  10*00; 
DH  =  20-00;  DK  =  5 •l^.  The  content  of  the  triangle  ABO 
will  be  666*6  square  chains.  Each  of  the  small  triangles  must 
therefore  contain  222*2  square  chains,  BD  being  one  dirision-line. 
We  Bhall  therefore  have  B  F  =  222*2  -i-  |  D  H  =  22-2  chains. 
BDG  =  46xi  X  5-174^  =:  116*4  square  chains,  not  enough  for  a 
second  portion,  but  leaving  105  -8  square  chains  for  0  D  G  ;  whence 
C  G  =  21*16  chains.  To  prove  the  work,  oaloulste  the  content  of 
the  remaining  portion,  GDFA.  We  shall  find  DGA  =  14i-S 
sqoare  chains,  and  ADFsTS-O  square  chains,  making  together 
222*2  Bqoare  chains,  as  required. 

The  scale  of  Fig.  316  is  30  chains  to  1  inch  =  1  :  23760. 

434.  The  preceding  case  may  be  also  solved  graphically,  thOBt 
Take  C  L  =  i  A  C.  Join  D  L,  ^  ^^^ 
and  from  B  draw  B  G  parallel 
to  D  L.  Join  D  G.  It  will  be 
a  second  line  of  division.  Then 
take  a  point,  M,  in  the  middle 
of  B  G,  and  from  it  draw  a  line, 
M  F,  parallel  to  D  A.  D  F  will 
be  the  third  line  of  division. 
This  method  is  neater  on  paper  than  the  preceding,  but  less  con- 
venient 00  the  ground. 

Detnonttratwn.  In  T\g.  819  D  G  is  a  Reoond  Ibe  of  dWidon,  beoaiiM, 
drBwing  B  L,  the  triangle  BLO  =  )  ABO;  and  B  D  O  0  is  equivalent  to 
B  L  0,  because  of  the  ooinmon  part  BOLD,  and  the  eqnivalenof  of  the  tii- 
angles  D  L  &  and  D  L  B. 

To  prove  that  D  F  ia  ft  third  line  of  dlviaion,  join  H  D  and  U  A.  Than 
BMA^iBGA.  From  BMA  take  M  F  A  and  add  its  eqoivalent  UFD, 
and  we  have  MDFB  =  iBaA  =  )rABDG-BDG)  =  }(|ABO- 
BDa)=3|ABC  — ^BDO.  To  HDFB  add  MDB,  and  add  its  equiva- 
lent,  ^  B  D  6,  to  the  other  ride  of  the  equation,  and  we  have 
llDFB  +  HDB  =  }AB0-^BDG  +  iBDO;or,  BDFs^ABO. 

435.  Let  it  be  required  to  divide  the  triangle  ABC  into  tliree 
equivalent  triangles,  by  lines  drawn  from  the  three  angular  points 
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to  aome  m^cnoan  point  within  the  triangle.  This  point  is  now  to 
be  found.  On  any  eide,  as  A  B,  take 
A  D  =  i  A  B.  From  D  dtaw  D  £  par- 
allel to  A  G.  The  middle,  F,  of  D  E, 
is  the  point  required. 

If  the  three  smaU  trianglee  are  not 
to  be  equivalent,  bnt  are  to  have  to 
each  other  the  ratios  :  :  tn  :n  '.p,  di- 
vide a  Bide,  AB,  into  parts  having  these  ratios,  and  through 
each  point  of  division,  D,  E,  draw  a 
parallel    to   tiie  side  nearest  to  it.  a.      . 

The  intersection  of  these  parallele,  in 
F,  is  the  point  required.  In  the  fig- 
ure the  parts  A  OF,  ABF,  BCF, 


486.  Let  it  be  required  to  find  the 
position  of  a  point,  D,  sitoated  within  a  given  triangle,  ABO, 
and  equally  distant  from  the  points, 
"'*•  •'*■  A,  B,  C  ;  and  to  determine  the  ratios 

to  each  other  of  the  three  triangles 
into  which  the  given  triangle  is  di- 
vided. 

By  oonBtmction,  find  the  center  of 
the  circle  passing  through  A,  B,  C. 
This  will  be  the  required  point. 

By  calonlation,  the  distance  DA  =  DB  =  DC=  -,  — 7  --frri  • 

■'  4  X  area  A  U  U 

The  three  small  triangles  will  be  to  each  other  as 

die  sines   of    their    angles  at  D — i.  e.,  A  D  B  : 

ADO  :  B  D  0  : :  sin.  A  D  B  :  sin.  A  D  C  :  sin. 

B  D  0.     These  angles  are  readily  found,  since  the 

sine  of  half  of  each  of  them  equals  the  opposite 

aide  divided  by  twice  one  of  the  equal  distances. 

437.  By  the  Shortert  Fowible  Line.    Let  it  be 

required  to  divide  the  triangle  A  B  0  by  the  short-  ' 
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est  possible  line,  D  E,  into  two  parts,  wbicb  sball  be  to  eaob 
otber  ::!»;«;  orDBE  :ABO  ::m  -.m+n. 

Frum  the  sm&lleBt  angle,  B,  of  the  triangle,  measure  along  the 

BideB,BAaQdBC,adiBtanceBDsBE=|/f^^xABxBCJ. 

D  E  is  the  line  required.     It  is  perpendicokr  to  the  line  B  F  which 
bisects  the  angle  ABC;  and  it  is 

=  ™:B  V(_2^XABXB0). 
COS.  t  B  r  \m  +  »  / 

The  formnlas  are  obtained  from  Art  419. 

Division  of  RectangleB. 

488.  By  Lines  parallel  to  a  Side.  Divide  two  opposite  sides 
into  the  required  number  of  parts,  either  eqnal  or  in  any  given 
ratio  to  each  other,  and  the  lines  joining  the  points  of  division  will 
be  the  lines  desired. 

The  same  method  is  applicable  to  any  p&rallelogram. 

Example.  A  rectangular  Seld  A  B  C  D,  measuring  15*00  chaina 
by  8-00,  is  bought  by  three  men, 
who  pay  respectively  tSOO,  t400, 
and  $600.  It  is  to  be  divided 
among  them  in  that  proportion. 
Ans.  The  portion  of  the  first, 
A  E  E'B,  is  obtained  by  making  the 
proportion  300  +  400  +  500  :  300 
::  15-00:  A  E  =  3-75.  EFieln 
like  manner  found  to  be  6-00  ;  and  PD  =  6-S6.  BE'  is  made 
equal  to  AE;  E-F'toEF;  andFO  toFD.  Fences  from  E  to 
B',  and  from  P  to  F,  will  divide  the  land  as  required. 

The  scale  of  the  figure  is  10  chains  to  1  inch  =  1  :  7920. 

The  other  modes  of  dividing  up  rectangles  will  be  ^ven  under 
the  head  of  "Quadrilaterals,"  Art.  443,  etc. 


AS.8M. 


Diviaioa  ot  Tnpexolda. 
488.  By  Hum  parallel  to  the  Bases.    Given  the  bases  and  a 
third  side  of  the  trapezoid,  A  B  C  D,  to  be  divided  into  two  parts, 
each  th8tB0FE:EFDA::m:n. 
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The  length  of  the  deaired  dividing  line, 

F....SI  EF_^^ --j^- y 

The  di.ta.ce  B  E  =  ^  "^'g  ^~  g  °'. 

thmowtration.  Id  Fig.  83S,  oonoelTe  the  sidei 
A  B  and  D  0,  prodaced,  to  me«t  in  Bome  point  P. 
Then,  b;  reason  of  the  simil&r  triuigles,  A  DP: 
B  0  P  :  :  A  D*  :  B  0',  whence,  by  '•  diviBion," 
ADP-BOP  =  ABOD:  BOP:  :AD'  — 
B  0' :  B  0'. 

In  like  manner,  comparing  E  FP  and  BOP, 
we  g6tEBaF:B0P:  EP-BC:  B0». 
Combining  these  two  proportions,  we  hare 
ABOD:EBOF::AD'  — BO':  EF"  — BO*; 
or,  BH-n:w:rAD'-BC:EF'-BO'. 

Whence,  (m -t- n)  E  F'  — m  .  BO' —  nBO*  =  m. 
AD'  — m.  BC; 

Also,  ttom  the  rimilar  triangles  formed  by  drawing  B  L  parallel  to  0  ]^  w« 
have 

BAx  EK_AB(EF-Bq} 
AL  A  D—  BO     ■ 

Example,  Let  A  D  =  30  chaine ;  B  C  =  20  chains  ;  and  A  B  = 
54}  chaiDs  ;  and  the  parts  to  be  aa  1  to  2  ;  required  £  F  and  B  E. 
Ant.  BP  =  33-80  ;  and  B  E  =  30-65. 

The  figure  ia  on  a  scale  of  30  chainB  to  1  inch  =  1:  33760. 

440.  Given  the  basea  of  a  trapezoid,  and  the  perpendicular  dis- 
tance, BH,  between  them;  it  ie  required  to  divide  it  as  before, 
and  to  find  E  P,  and  the  altitude,  B  G,  of  one  of  the  parta.    Let 

"R  fl  V  R  TT 
BOPE  :EPDA  ::m  :».    Then  ^ G  =  ~  a1)  -  B"0 "^ 
/r    *»     ^axABODxBH  ,  /B0XBJI\*-1 
vU  +  n^         AD-BC +Ud-BC^    J' 

BP=BC  +  BGx^g^. 

Dmotutratvm.    Let  BEFO=  — ^— .  ABOD  =  a;  letBO  =  »;  BH 
m  +» 
=  X ;  and  A  D  -  B  0  =  B.     Aleo,  let  B  G  =  i :  and  E  F  =  y.     Draw  B  L 
parallel   to  0  D.     By  aimilar    triangles,  AL:EK::BA:BE::BH! 


■.  EF  = 


AL:EE::BA:  BE  = 
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BG;  or,  AD-BO  :  EF-BO::BH  :  BG;Le.,0:  y  —  h::  A:a; 

whence  x  =  —^ . 

Alwjtbe  area  B£FOsa  =  i.Ba(EF  +  BO)  =  ia!(y-f>);  wh«Doe 


Bubatitntiiig  thifl  ralae  of  y  in  the  erpreinon  for  x,  and  redncuiK,  we  obtain 
.  .  9(A        %ah       .  .  6A  ,      //2aA  .  6'A'\ 


;  wbanoe  wohaTeii:  = 


'/(^-S^> 


The  teoond  proportion  aI>oTe  gives  y  —  i  ^  —  \  whenoey  =  }  +  —  .«. 
Bepladng  the  Rymbols  h^  their  lines,  we  get  the  fonnnlas  in  the  text. 

Example.  Let  AD  =30*00;  BG  =  30-00;  BH  =  S4 -00  ;  and 
the  two  parts  to  be  to  each  other  : :  46  :  89. 

The  above  data  ^ve  the  content  of  A  B  0  D  =  1,350  eqaare 
obains.  Sabstitnting  these  namben  in  the  above  formula,  we  ob- 
twn  BG  =  20-96,  and  EP  =83-88. 

441.  By  Lines  rtaiting  ftom  Points  in  a  Bide.  To  divide  a 
trapezoid  into  partB  eqniroleot,  or  having  any  ratios,  divide  its  par- 
allel sides  in  the  same  ratios,  and  join  the  corresponding  point& 

If  it  be  also  required  that  the  division-linee  shall  start  from 
given  points  on  a  side,  proceed 

thus  :   Let  it  be  required   to  ^    '"■  '^  ^ 

divide  the  trapezoid  A  B  0  D 
into  three  eqnivalent  parte  b; 
fences  starting  from  P  uid  Q. 
Divide  the  trapezoid,  as  above 
directed,  into  three  eqnivalent 
trapezoids    by  the  lines  E  F  ' 
and  G  H.     These  three  trap- 
ezoids mnst  now  be  transformed,  thns  :  Join  E  P,  and  from  F 
draw  F  B  parcel  to  it.    Join  P  R,  and  it  will  be  one  of  the  divi»- 
ion-lines  required. 

The  other  division-line,  Q  S,  is  obtained  similarly.* 

418.  Other  Caaet.  For  other  oases  of  dividing  trapezoids,  apply 
those  for  qnadrilatorals  in  general,  given  in  the  following  articles. 


*  If  a  llni  b«  dmrn  Joining  the  middle  points  of  the  parallel  buee  of  a  tnp» 


^dbvGoO^^k' 


LAN1>-SVB  YEYIKQ. 


7ia.  SST. 


Bivision  at  ^aadrilatertls. 
443.  By  Linsi  parallel  to  a  Bide.  Let  A  B  C  D  be  &  qmdri- 
iteial  which  it  is  required  to  divide,  by  8  line  E  F,  parallel  to 
A  D,  into  two  parte,  B  E  F  0 
and  E  F  D  A,  which  shaU  be 
to  each  other  as  m  :  n.  Pro- 
long A  B  and  G  D  to  inter- 
sect in  O.  Let  a  he  the 
area  of  the  triangle  A  D  G, 
obtained  by  any  method, 
graphical  or  trigonometrical, 
and  a'  =  the  area  of  the  tri> 
angle  B  G  6,  obtained  by 
BobCracting  the  area  of  the 
given  quadrilateral  from  that 

of  the  triangle  A  DG.  Then  GK  =  GH  |/(^_j[""^  .  Hav- 
ing measured  this  length  of  G  K  from  G  on  G  H,  set  off  at  K  a 
perpendicnlar  to  0  E,  and  it  will  be  the  required  line  of  division. 

Smtontlration.  la  Fig.  837,  mooe  EF  is  par&Uel  to  aD,  we  have 
ADG:EOF::GH*:GE'.  EOFib  made  ap  of  the  triangle  B  0  Q  =  a*, 
and  the  quadrilatend  BEFO  =  — ^  .  A  B  0  D  = -?^  .  (a  -  a'\. 
Senoe  the  above  proportion  beoomee 

a:a'+  -^^  (»  — a")  : :  GH»  :  GK";  or, 

(iii  +  »)<i:™a+na';:QH':GK';  whence  GK  =  GH  ^/('^^^t^V 


G£  is  given  by  the  proportdo 

nGH: 

GK::GA 

GE  = 

GA 

■ae  ■ 

In  Fig.  838,  the  divisioii  into 

p  parts 

u  fonnded  o 

D  the 

ume 

prindpl» 

Th6tri»ngleEFG  =  GB0  +  EF0B  = 

a'  +  ^.    Now  ADQ 

irO:! 

AG«!EG»;  or,«'  +  Q:*'  +  -5 

::  AG' 

lEG"; 

whence  GE  =  AGj/| 

) 

loid,  ang  line  dravD  through  the  middle  of  the  first  line,  and 
will  divide  the  trapezoid  into  two  equiTalenl  parts. 
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Otherwise,  take  G  E  =  G  A  4/  (""'  +  "''')  .  and  from  E  ran 
a  pitraUel  to  A  D. 

If  the  two  parts  of  the  quadrilateral  were  to  be  equivalent, 

m  =  R,  and  we  have  G  K  =  G  H  y"^  {■"? — )  >  *'^^  conBeqnently 
G£  to  G  A  in  the  same  ratio. 

Example.  Let  a  qnadri lateral,  A  B  C  D,  be  required  to  be  thus 
diyided,  and  let  its  angles,  B  and  C,  be  given  by  rectanguJar  co- 
ordinates, viz.,  A  B'  =  6-00  ;  B'  B  =  9-00  -,  \)  C  =  8-00  ;  C'C  » 
13-00;  B'C's=  24-00.  Here  G  H  is  readily  found  to  be  2964; 
A  D  G  =  fi«3  16  square  chains ;  and  B  G  C  =  220-16  square  chains. 
Hence,  by  the  formula,  G  K  =  24- 72  ;  whence  KH=GH  — GK 
sa  4-92  ;  and  the  abBCJssas  for  the  pointa  E  and  F  can  be  obtained 
by  a  simple  proportion. 

The  scale  of  .the  figure  is  20  chwns  to  1  inch  =  1  :  16840. 

If  the  quadrilateral  be  given  by  bearings,  part  off  the  desired 

"""^^TT^-  -^SOD,  by  j^„g28. 

the  formulas  of  Art.  403. 

Suppose  now  that  a  quad- 
rilateral, A  B  0  D,  is  to  be  di- 
vided into^  equivalent  parts, 
by  lines  parallel  to  A  D. 
Ueasnre,  or  calculate  by  trig- 
onometry, A  G.  Let  Q  be  " 
the  quadrilateral  A  B  G  D,  and,  as  before,  a'  =  B  0  G. 

{,      Q 1  (    ,      2Q 

"■•"b  >;  GL=AG4/-^''+y 

(    'j.*Q 
G  N  =  A  G^  <  "^   p 

If  the  quadrilateral  be  given  by  bearings,  part  off  —  . 
then  part  off  -  .  A  B  0  D,  etc.  ;  so  in  any  similar  case. 
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4il  By  LioM  perpendicular  to  a  Side.    Let  A  B  C  D  be  a 

quadrilateral  which  is  to  be  divided,  b; 

Ita.  ss>.  g  jjjjg  perpendicular  to  A  D,  into  two 

partB  having  a  ratio  =  m  : ».     By  h^- 


pothedB,  A  B  E  F  = 


.  ABOD. 


m  +  n " 
Taking  away  the  triangle  A  B  Q,  the 
Temainder,  G  B  £  F,  will  be  to  the  rest 
of  the  figure  in  a  known  ratio,  and  the  position  of  E  F,  parallel 
to  BG,  will  be  found  as  id  the  last  article. 

41S.  By  LioM  nuuiing  in  any  Oiven   BirectioiL     To  divide  a 
quadrilateral  A  B  C  I)  into  two  parts  :  :m  -.n,  part  oS  from  it  an 


.  ABOD,  by  the   methods  of  Art.  407  or  408,  if 
if  the  area  parted 


the  area  parted  off  is  to  be  a  triangle,  or  Art. 
off  is  to  be  a  quadrilateral. 


446.  By  Line*  itartin;  from 
tn  Angle.  A  B  0  D  is  to  be  di- 
vided, by  the  line  C  £,  into  two 
parts  having  the  ratio  m  :  n. 
Since   the  area  of    the  triangle 

CDE  =  -^.ABCD,    DE 
wi  +  n 

will  be  obtained  by  dividing  this  ar 


<  by  half  of  the  altitade  0  F 


447.  By  Llnet  itarting  from  Points  in  a  Bide,    Let  it  be  Te< 
qnired  to  divide  ABCD  into  two 
'"'■  "1-  parts  :  :  t»  :  n,  by  a  line  starting 

from  the  point  E.    The  area  A  B  F  E 


is  known  (being  = 


ABCD) 


asalso  ABE;  AB,  BE,  andEA 
being  given  on  the  ground.  B  E  F 
will    then   be   known  =s  A  B  F  E  — 


ABB.    Then  OFs=£^^,  and   the  point  F  is  obtained    b; 
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numing  a  parallel  to  B  E,  at  a  perpendicular  distance  from  it 
=  GP. 

To  divide  a  quadrilateral,  A  B  0  D,  graphically,  into  two  equiv- 
alent  parts  by  a  line  from  a  point, 
E,  on  a  side,  proceed  thns  :  Drair  the 
diagonal  C  A,  and  from  B  draw  a 
parallel  to  it,  meeting  D  A  prolonged 
in  F.  Mark  the  middle  point,  G,  of 
FD.  Join  GR  Prom  C  draw  a 
parallel  to  EQ,  meeting  DA  in  H. 
E  H  is  the  requirsd  line.  The  qnad- 
rilateral  ooald  also  be  divided  in  any  ratio  =  m  : 
F  D  in  that  ratio. 

If  the  qnadrilateral  be  given  by  bearings,  proceed  to  part  off  the 
desired,  area,  as  in  Art.  412  or  413. 


,  by  diTiding 


.  Let  it  be  required  to 

Fia.  SS8. 


P*  H'  are  the  required  lines 
Let  it  be  required  to 
make  the  above  division  by 
lines  starling  from  two  given 
points,  P  and  Q.  Reduce 
the  qaadrilateral  to  an  equiv- 
alent triangle  G  B  E.  Divide 
E  B  into  three  equal  parts  at 
F  and  G.  Join  0  Q,  and, 
from  G,  draw  G  K  parallel 


divide  a  quadrilateral,  A  B  C  D,  into 
three  equivalent  parts. 
From  any  angle,  as  G, 
draw  C  E,  parallel  to  D  A. 
Divide  AD  and  £  0,  each 
into  three  equal  parts,  at 
F,  F,  and  G,  G',  Draw 
B  F,  B  P'.  From  G  draw 
G  H,  parallel  to  P  B,  and 
from  G'  draw  G'  H',  par- 
allel to  F'  B.      P  H  and 

of  division. 
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to  it.     Join  C  P,  and  from  F  draw  F  L  parallel  to  it.     Join  P  L 
and  Q  K,  and  thej  will  be  the  division-lines  required. 

449.  By  Unei  paMin^  throoglL  a  Point  within  the  Fignte. 
Proceed  to  port  off  the  desired  area  aa  in  Art.  416  or  417,  acoord- 
iog  to  the  circamstEuices  of  the  case. 

Dirisioa  of  Potygons. 

450.  By  LiUM  ninning  in  any  Direction.     Let  ABGDEFQ 
j^  jjj  be  a  given  polygon,  and  B  H  the 

direction  parallel  to  which  ie  to 
be  drawn  a  line  P  Q,  dividing 
the  polygon  into  two  parts  in 
any  desired  ratio  =  m  ;  n.     The 


araaPCDEQ=-^ 


.ABC 


m  +  »' 
D  E  F  Q.  Taking  it  from  the 
area  B  G  D  £  H,  the  remainder 
will  be  the  area  B  P  Q  H.  The 
qoadrilateral  B  C  E  H,  G  £  being 

•apposed  to  be  drawn,  can  then  be  divided  by  the  method  of  Art. 

443  into  two  parts,  BPQH  and  PQEO,  having  to  each  other 

a  known  relation. 

If  D  K  were  the  given  direction,  at  right  angles  to  the  former, 

the  position  of  a  dividing  line  BS  coald  be  aimilarlj  obtained.  ' 
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481.  B7  linw  itartiiig  from  an  Angle.  Produce  one  aide,  A  B, 
of  the  given  polygon,  both  vvja,  and  reduce  the  polygon  to  a  sin- 
gle equivalent  triangle,  X  Y  Z.  Then  divide  the  base,  X  ¥,  in  the 
required  ratio,  as  at  W,  and  draw  Z  W,  which  will  be  the  division- 
line  desired.  In  this  figure  the  polygon  is  divided  into  two  equiva- 
lent parts. 

If  the  division-line  should  pass  outside  of  the  polygon,  as  does 
Z  P,  through  P  draw  a  parallel  to  B  Z,  meeting  the  adjacent  side 
of  the  polygon  in  Q,  and  Z  Q  will  he  the  division-line  desired. 

483.  By  Hum  itarting  from  a  Point  on  a  Bide.  See  Articles 
414  and  416. 

483.  By  Liuei  paiaing  through  a  Point  within  the  PIgnre.  Part 
off,  aa  in  Art.  416  or  418,  if  a  straight  line  be  required,  or  by 
guess-lines  and  the  addition  of  triangles,  as  in  Art.  433,  if  the 
lines  have  merely  to  start  from  the  point,  such  as  a  spring  or  well. 

484.  Other  Problemi.  The  following  is  from  Gummere's  "  Sur- 
veying"  :  Question.  A  tract  of  laud  is  bounded  thus  ;  N.  35J°  E., 
28-00  ;  N.  TSi"  B.,  30-60  ;  S.  SJ"  E.,  46-49  ;  N.  661°  W.,  49-64. 
It  is  to  be  divided  into  four  equivalent  parts  by  two  straight  lines, 
one  of  which  is  to  run  parallel  to  the 

third  side  ;  required  the  distance  of  the  '••■  'M- 

parallel  division-line  from  the  first  comer, 

measured  on  the  fourth  side ;  also  the 

bearing  of  the  other  division-line,  and  its 

distance  from  the  same  comer  measnred 

on  the  first  side.     Ans,  Distance  of  the 

parallel  division-line  from  the  first  comer, 

32-fiO ;  the  bearing  of  the  other,  S.  88*^ 

S3'  E, ;  and  its  distance  from  the  same 

comer  6  '99. 

The  scale  of  the  figure  is  40  chains  to  1  inch  =  1  :  81680, 
An  indefinite  number  of  problems  on  this  subject  might  be  pro- 
posed, but  they  would  be  matters  of  curiosity  rather  than  of  utility, 

and  exeroiaea  in  geometry  and  trigonometry  rather  than  in  surrey* 
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45S.  General  SfiteiiL  The  public  lands  of  the  United  States  of 
America  are  generally  divided  and  laid  oat  into  equarea  (approxi- 
mately), the  aides  of  which  run  tmlj  north  and  south,  or  east  and 
west 

This  is  effected  by  means  of  meridian  lines  and  parallels  of  lati- 
tude, established  six  miles  apart  The  squares  thus  formed  are 
called  Townships.  They  contain  36  square  miles,  or  23,040  acres, 
"as  nearly  as  may  be."  Aprincipal  meridian,  running  due  north 
and  south,  and  a  hase-Une,  running  due  east  and  west  ^^  ^i^t 
established  astronomically,  and  the  half-mile,  mile,  and  six-mile 
comers  are  permanently  marked  on  them.  These  two  lines  form 
the  basis  of  all  the  subsequent  subdivision  into  townships  and  sec- 
tions. All  the  townships,  situated  north  or  south  of  each  other, 
form  a  banqe.  The  ranges  are  named  by  their  number  east  or 
west  of  the  principal  meridian.  The 
first  range  west  of  the  meridian  would 
be  noted  as  Range  1  West  (E.  1  W.), 
and  the  next  B.  2  W.,  etc.  The  town- 
ships iu  each  range  are  named  by  their 
number  north  or  south  of  the  base-line. 
They  are  noted  as  Township  I  Korth 
(T.  1  N.),  and  the  next  one  T.  2  N.,  et«. 
Each  township  is  diTided  into  36 
SECTIONS,  each  one  mile  square,  and 
therefore  containing,  **as  nearly  as  may  be,"  640  acres.  The  sec- 
tions in  each  township  are  numbered,  as  in  the  margin,  from  1 
to  36,  beginning  at  the  northeast  angle  of  the  township,  and  going 


6 

« 

4]    8 

2l    1 

7 

8 

9;  10 

11    12 

IS 

IT 

20 

16|1S 

21    22 

U  18 

33  34 

80 
~S1 

29 

28,37 
38Jli4 

36  35 

86J86 

idbyGoOgIc 


THE  PUBLIC  LANDS  OF  TEE  UNITE!}  STATES.       301 

weat  from  1  to  6,  then  east  from  7  to  12,  and  bo  on  alternately  to 
section  36,  which  will  be  in  the  southeast  ungle  of  the  township. 
The  sections  are  subdivided  into  quarter-sections,  half  a  mile  square, 
and  containing  160  acres,  and  sometimes  into  half-qnarter-sections 
of  80  acres,  and  quarter>quarter-sectiona  of  40  acres. 

4S6.  Difflonlty.  The  law  requiring  that  the  lines  of  the  public- 
land  surveys  shall  be  governed  by  the  trae  meridian,  and  at  the  some 
time  that  the  townships  shall  be  six  miles  square,  involves  a  mathe- 
matical impossibility ;  for  strictly  to  conform  to  the  meridian  neces- 
Barily  throws  the  township  out  of  square,  by  reason  of  the  conver- 
gency  of  meridians ;  hence,  adhering  to  the  true  meridian  renders 
it  necessary  to  depart  from  the  strict  requirements  of  law  as  respects 
the  precise  area  of  townships,  and  the  subdivisional  part£  thereof, 
the  township  assuming  something  of  a  trapezoidal  form,  which  ine- 
.  qaality  develops  itself,  more  and  more  as  such,  the  higher  the  lati- 
tnde  of  the  surveys. 

*  In  view  of  these  facta,  uid  under  the  provuions  of  section  2  of  the  act 
of  Hay  18,  1796,  that  sectiong  of  a  mile  square  shall  contain  640  acres,  at 
nearly  at  may  he,  and  aJao  under  those  of  section  S  of  the  act  of  Ha;  10, 
1800,  that  "in  all  cases  where  the  exterior  lines  of  the  townships,  thus  to  be 
subdivided  into  sections  and  half-sections,  shall  exceed,  or  shall  not  extend 
six  miles,  the  excesB  or  deBcieucy  shall  be  speciallj  noted,  and  added  to  or 
deducted  from  the  western  or  northern  ranges  of  sections  or  half-sections  in 
such  township,  according  as  the  error  may  be  in  running  lines  from  east  to 
west,  or  from  south  to  north;  the  sections  and  half-sections  bounded  on  the 
northern  and  western  lines  of  such  townships  shall  be  sold  as  containing 
only  the  quantit;  expressed  in  the  returns  and  plats,  respectivel;,  and  all 
others  as  containing  the  complete  legal  quantity,"  the  public  lands  of  the 
United  States  shall  be  surveyed  under  the  methods  of  the  system  of  rectan- 
gular surveying,  which  harmonizes  the  incompatibilities  of  the  requirements 
of  law  and  practice,  as  follows : 

Fint.  The  establishment  of  a  principal  meridian  conforming  to  the  true 
meridian,  and,  at  right  angles  to  it,  a  base-line  conforming  to  a  parallel  of 
latitude. 

Seeond.  The  establishment  of  standard  parallels  conforming  to  psrallels 
of  latitude,  initiated  from  the  principal  meridian  at  intervale  of  24  miles  and 
extended  east  and  west  of  the  same. 

*  These  InstrocUooB  (Ardcles  4se  to  *&%)  are  taken  from  Itie  "  Manual  of  Surveying 
InstmcttODS  for  the  Survey  of  the  Public  Lands  of  the  Tnited  States,"  prepared  by  the 

•T  of  the  General  Land-OfBce. 
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Third.  The  esti^liBtuneDt  of  guide  meridians  confOTming  to  true  meridi< 
ftns,  initiated  upon  the  baae-line  aud  BucccBsive  standard  parallels  at  inteirala 
of  24  miles,  resulting  in  tracts  of  land  34  milea  square,  at  Tuarly  a*  maf/  be, 
which  shall  be  sulMequentlj  divided  into  tracts  of  land  six  miles  square  by 
two  seta  of  lines,  one  conf  omiing  to  true  meridians,  crossed  b;  others  con- 
forming to  parallels  of  latitude  at  intervals  of  sis  miles,  coataining  S8,0M 
acres,  at  nearly  at  may  he,  and  deBignat«d  tomuhipt. 

Buch  townships  shall  be  subdivided  into  thirtj-six  tracts,  called  eectiona, 
each  of  which  shall  contain  UO  acres,  as  nearly  as  may  be,  by  two  sets  of 
parallel  lines,  one  set  paroUd  to  a  true  meridian  and  the  other  eor\forming  to 
paraiUU  nf  latitude,  mutually  intersecting  at  intervals  of  one  mile  and  at 
right  angles,  at  Tiearly  at  may  be. 

Any  series  of  contiguous  townships  situated  north  and  south  of  each 
other  constitutes  a  rans/e,  while  such  a  series  situated  in  an  east-and-west 
direction  constitutes  a  tier. 

The  section-lines  are  surveyed  from  touth  to  north  and  from  eatt  to  west, 
in  order  to  throw  the  excess  or  deficiency  in  measurement  on  the  north  and 
nest  sides  of  the  township,  as  required  by  law.  Id  case  where  a  township 
has  been  partially  surveyed,  and  it  is  necessary  to  complete  the  survey  of  the 
same,  or  where  the  character  of  the  land  is  such  that  only  the  north  or  west 
portions  of  the  township  can  be  surveyed,  this  rule  can  not  be  strictly  ad- 
hered to,  but,  in  such  cases,  it  will  be  departed  from  only  so  far  as  is  abso- 
lutely neceasary.  It  will  also  be  necessary  to  depart  from  this  rule  where 
■urveys  close  upon  State  or  Territorial  boundaries,  or  upon  surreys  extend- 
ing from  different  meridians. 

The  tiers  of  townships  will  be  numbered,  to  the  north  or  south,  com- 
mencing  with  No.  1,  at  the  base-line ;  and  the  ranges  of  the  townships,  to  the 
east  or  west,  beginning  with  No.  1,  at  the  principal  meridian  of  the  system. 

The  thirty-six  sections  into  which  a  township  is  subdivided  are  numbered, 
commencing  with  No.  1  at  the  northaatt  angle  of  the  township,  and  proceed- 
ing west  to  No.  8,  and  thence  proceeding  east  to  No.  IS,  and  so  on,  alter- 
nately,  to  No.  84  in  the  southeast  angle.  In  all  cases  of  surveys  of  fractional 
townships,  the  sections  will  bear  the  same  numbers  they  would  have  if  the 
township  was  full. 

Standard  parallels  shall  be  established  at  intervals  of  every  24  milea, 
north  and  south  of  tbe  iMse-line,  and  guide-meridians  at  intervals  of  every 
24  miles,  east  and  west  of  the  principal  meridian;  thus  confining  the  errors 
resulting  from  convergence  of  meridians  and  inaccuracies  in  measurement 
within  companitiTely  small  areas. 

4S7.  lf*V^Tig  Qie  Survey.  All  work  on  the  public-land  surveys  is  done, 
and  records  made,  in  strict  conformity  with  the  instructions  issued  from 
time  to  time  from  the  (General  Land-Office.  Considerable  changes  have  been 
made  in  the  methods  employed,  so  that  in  making  a  resurvey  of  any  land 
originally  surveyed  by  the  Government  it  is  necessary  to  know  under  what 
instructions  the  original  survey  was  made,  and,  where  practicable,  to  obtain 
a  copy  of  the  notes  of  the  original  survey. 
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bnn&L  Points.  Initial  points  from  which  the  lines  of  the  public  aut- 
TojB  are  to  be  extended  will  be  eetabUsbed  whenever  necessar;,  under  such 
special  ingtructionB  u  may  be  prescribed  in  each  case  b;  the  Commissioner 
of  the  General  Land-Office.  The  locus  of  such  initial  points  will  be  selected 
with  great  care  and  due  consideration  for  their  prominence  and  easy  ideuti- 
flcation,  and  must  be  established  astronomically. 

The  lines  of  the  public  surveys  are  claasifled  aa  follows : 

Class  1.  Bose'lioee  and  standard  pnisllels. 

Class  2.  Principal  and  guide  meridians. 

Class  8.  Township  exteriors  (or  meridional  and  latitudinal  township 
boundaries). 

Class  4.  Subdivimon  and  meander  lines. 

The  initial  point  having  been  established,  the  line  of  the  public  mmij% 
will  be  extended  therefrom,  as  followa: 

Babb-Lhw.  1.  Prom  the  initial  point  the  base-line  will  be  extended  east 
and  west  on  a  parallel  of  latitude,  by  the  uae  of  transit  or  solar  instruments, 
as  may  be  directed  by  the  surrejor-general  in  his  written  special  infltruc- 
tiona.     The  trantit  should  be  designated  for  the  alignment  of  all  important 

a.  The  direction  of  base-lines  will  conform  to  parallels  of  latitude  and 
will  be  controlled  by  true  meridians;  consequently  the  correct  determination 
of  true  meridians  by  eimenatumi  on  PoJarii  at  dongation  *  is  a  matter  of  prime 
importance. 

8.  When  transits  are  employed,  certain  reference-lines  f  having  a  known 
position  and  relation  to  the  required  parallel  of  latitude  will  be  prolonged  aa 
straight  lines,  by  two  back  and  two  fore  sights  at  each  setting  of  the  instru- 
ment, the  horizontal  limb  being  revolved  180°  in  odmuth  between  the  obser- 
vations. 

4.  Where  solar  apparatus  is  used,  the  deputy  will  test  the  instrument, 
whenever  practicable,  by  comparing  its  indications  with  a  meridian  deter- 
mined by  Polaris  observations;  and  in  all  cases  where  error  is  discovered  he 
will  make  the  necessary  corrections  of  bia  line  before  proceeding  with  the 
survey.    All  operations  will  be  fully  described  in  the  field-notes. 

0.  The  proper  township,  section,  and  quarter-section  corners  will  be 
established  at  lawful  intervals,  and  meander  comers  at  the  intersection  of 
the  line  with  all  meanderable  streams,  lakes,  or  bayous. 

6.  In  order  to  detect  errora  and  insure  accuracy  in  measurement,  two 
sets  of  chaioaen  will  be  employed :  one  to  note  distances  to  intermediate 
points  and  to  locate  topographical  features,  the  other  to  act  aa  a  check. 
Each  will  measure  forty  chains,  and  the  proper  comer  will  be  placed  mid- 
way between  the  ending-points  of  the  two  measurements. 

The  deputy  will  be  present  when  said  comer  is  thus  established,  and  will 
record  in  the  body  of  Ills  field-notes  the  distances  to  the  same,  according  to 
the  measurement  by  each  set  of  chainmen. 

To  obviate  (illusion  between  the  seta  of  chainmen,  the  second  set  should 

*  See  page  111.  f  For  dstalls  see  pages  884  to  842. 
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commence  at  &  point  in  adyaace  of  the  beginoing  comer  of  the  firet  Mt,  the 
initial  difference  in  meamiretnent  thus  obtained  being  known  only  to  the 
deputy. 

Pbincipal  Mbridiak.  1.  This  line  shall  em\fann  to  a  true  meridian  and 
will  be  extended  from  the  initial  point,  either  north  or  south,  or  in  both 
directions,  aa  the  conditions  maj  require,  b;  the  use  of  traneit  or  solar  in- 
Htniments,  as  ma;  be  directed  b;  the  surveyor-general  in  bis  special  written 
instructions. 

3.  The  methods  used  for  determination  of  directions,  and  the  precau- 
tions to  be  observed  to  secure  accuracy  in  measurement,  are  fully  stated 
above  under  the  title  "Base-Line,"  and  will  be  complied  with  in  ever; 
particular. 

Stabsabd  Pahaixeu.  1.  Standard  parallels,  which  ore  also  called 
correction-lines,  shall  be  extended  east  and  west  from  the  principal  meridian, 
at  intervals  of  every  34  miles  north  and  south  of  the  base-line,  in  the  man- 
ner prescribed  for  running  said  line,  and  all  requirements  under  the  titiv 
"  Bnse-Line  "  will  be  carefully  observed. 

a.  Where  standard  parallels  have  been  placed  at  intervals  of  80  or  86 
miles,  regardless  of  existing  instructions,  and  where  gross  irregularitiea 
require  additional  standard  lines,  from  which  to  initiate  new  or  upon  which 
to  close  old  surveys,  an  intermediate  correction-line  should  be  established  to 
which  a  Joeol  name  may  be  given — e.g.,  "  Cedar  Creek  Correction-line  " — 
and  the  same  will  be  run,  in  all  respects,  like  the  regular  standard  parallels. 

GciDS-MERiDUjaB.  1.  Guide-meridians  shall  be  extended  north  from 
the  base-line,  or  standard  parallels,  at  intervals  of  every  34  mUes  east  and 
west  from  the  principal  meridian,  in  the  maoDer  prescribed  for  running  the 
principal  meridian,  and  all  the  provisions  for  securing  accuracy  of  align- 
ment and  measurement  found,  or  referred  to  under  the  title  "Principal 
Meridian,"  will  apply  to  the  survey  of  said  guide-meridians. 

a.  When  existing  conditions  require  that  such  guide-meridians  shall  be 
run  tauth  from  the  base-  or  correction-lines,  they  will  be  initiated  at  prop- 
erly established  closing  comers  on  such  lines. 

8.  Where  guide-meridians  have  been  improperly  placed  at  intervals 
greatly  exceeding  the  authorized  distance  of  a4  miles,  and  standard  lines 
are  required  to  limit  >  errors  of  old  or  govern  new  surveys,  a  new  guide- 
meridian  may  be  run  from  a  standard  or  properly  eetablished  closing  comer, 
and  a  local  name  may  be  assigned  to  the  same — e.  g.,  "Grass  Valley  Quide- 
Heridian."  These  additional  guide-meridians  will  be  surveyed  in  all  respects 
like  the  regular  guide-meridians. 

Township  Extkbiobs.  1.  Whenever  practicable,  the  township  exte- 
riors in  a  tract  of  land  24  miles  square,  bounded  by  standard  lines,  will  be 
surveyed  succesdvely  through  the  block,  beginning  with  those  of  the  taiiih- 
attttm  township. 

3.  The  meridMmal  boundaries  of  townships  will  have  precedence  in  the 
oreUr  of  sorvey  and  will  be  run  from  south  to  north  on  trv*  meridiaru,  with 
permanent  comers  at  lawful  distances;  the  latitudinal  boundaries  will  be  ran 
from  eatl  to  teat  on  random  or  trial-lines,  and  corrected  back  on  true  lines. 
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The  falling  of  a  random,  north  or  south  of  the  townahip  corner  to  be 
closed  upon,  will  be  caiefull;  measured,  and,  with  the  reeulting  true  return 
course,  will  be  duly  recorded  in  the  field-notes. 

Should  it  happen,  however,  that  such  Tondom  intersects  the  meridian  of 
the  objective  comer,  north  or  south  of  said  comer,  or  falls  short  of  or  over- 
runs the  length  of  the  south  boundary  of  the  township  b;  more  than  three 
ehaint  (due  allowance  being  made  for  convergency),  said  random,  and,  if 
necessary,  all  the  exterior  boundaries  of  the  township,  will  be  retraced  and 
lemeasured  to  discover  and  correct  the  error. 

When  running  random  lines  from  east  to  west,  temporary  comers  will  be 
set  at  intervals  of  40-00  chains,  and  proper  permanmit  comers  wUI  be  estab- 
lished upon  the  true  line,  corrected  back  in  accordance  with  these  instruc- 
tions, thereby  throwing  the  excess  or  deficiency  against  the  west  boundary 
of  the  township,  as  required  by  law. 

&.  Whenever  practicable,  the  exterior  boundaries  of  townships  belong- 
ing to  the  reett  range,  in  a  tract  or  block  34  miles  square,  will  first  be 
surveyed  in  succession,  through  the  range,  from  south  to  north ;  and  in 
a  similar  manner  the  other  three  ranges  will  be  surveyed  in  regular  se- 
quence. 

4.  In  cases  ichere  impamahle  atgecU  eeeur  and  the  foregoing  rules  eon  not  ft# 
complied  irith,  township  comers  will  be  established  as  follows: 

In  extending  the  tovti  or  north  boundaries  of  a  township  to  the  weit, 
where  the  aovthtcegt  or  nortAicMt  comers  can  not  he  established  in  the  regulsr 
way  by  running  a  north  and  south  line,  such  boundaries  will  be  run  Kelt  on 
a  true  line,  allowing  for  convergency  on  the  west  half-mile;  and  from  the 
township  comer  established  at  the  end  of  such  boundary  the  west  boundary 
will  be  run  north  or  touth,  as  the  case  may  be.  In  extending  mnUh  or  north 
boundaries  of  a  township  to  the  eait,  where  the  eoutheait  or  northeatt  comer 
can  not  be  established  in  the  regular  way,  the  same  rule  will  be  observed, 
except  that  such  boundaries  will  be  run  eatt  on  a  true  line,  and  the  eatt 
boundary  run  Jtorth  or  etmth,  as  the  case  may  be. 

6.  Allowance  for  the  convergency  of  meridians  will  be  made  whenever 
necessary. 

Method  of  SOBDmDtHO.  1.  The  exterior  boundaries  of  a  full  town- 
ship having  been  properly  established,  the  subdivision  thereof  will  be  made 
as  follows: 

At  or  near  the  eouthtatt  corner  of  the  township  a  true  ineridian  will  be 
determined  by  Polaris  or  solar  observations,  and  the  deputy's  instrument 
will  be  tested  tliereon:  then  from  said  comer  the  first  mile  of  the  east  and 
south  boundaries  will  be  retraced,  if  subdivisions  and  survey  of  the  exteriors 
have  been  jwovided  for  in  separate  contracts:  but,  if  the  survey  of  the 
exterior  and  subdivisionHl  lines  are  included  in  the  tame  contract,  the  re- 
tracements  referred  to  will  be  omitted.  All  discrepancies  resulting  from 
disagreement  of  bearings  or  measurements  will  be  carefully  stated  in  the 
field -notes. 

2.  After  testing  his  instrament  on  the  true  meridian  thus  determined, 
the  deputy  will  commence  at  the  comer  to  sections  80  and  86,  on  the  south 
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boimdar?,  atkl  ran  a  line  paraBd  to  fft«  Tangerine,*  establishing  at  40-M 
cbains,  the  quarter-section  comer  between  sections  80  and  86,  and  at  60*00 
cliaiDS  the  comer  for  sections  2S,  36,  85,  and  36. 

8.  Prom  the  last-named  comer  a  random  line  will  be  run  eastward,  with- 
ont  blazing,  parallel  to  the  touth  bowtdary  of  ted,ion  86,  to  its  interseetioQ 
with  the  east  boundary  of  the  tonoBhip,  placing  at  40'00  chains  from  the 
point  of  beginning,  a  post  for  temporary  quarter-section  comer.  If  the  nn- 
dom  line  intersecta  said  township  boundary  exactly  at  the  comer  (or  sections 
20  and  86,  it  will  be  blazed  back  and  established  as  the  true  line,  the  perma- 
nent quarter-eectioD  comer  being  established  thereon,  midway  between  the 
initial-  and  tenninal-section  comers. 

If,  however,  the  random  intersects  said  township  boundary  to  the  nor^ 
or  south  of  said  comer,  the  falling  t  will  be  carefully  measured,  and  from 
the  data  thus  obtained  the  true  retum  course  will  be  calculated  X  and  the 


*  The  meridional  section-lines  will  be  made  parallel  to  the  rang&llne  or  east 
boundary  of  the  township,  by  appljing  to  (he  bearing  of  the  latter  a  Bmall  coneclio&, 
dependent  on  tfae  latitude,  taken  from  tbe  following  table,  which  ^vea,  to  the  neaieet 
whole  miuat«,  the  Bonenynuy  of  two  meridians  S  miles  long  and  from  1  to  6  n^lee 
apart  J  and  supplies  direct];  tbe  deviation  of  meridional  aeotion-Unee  leetl  of  HorA, 
when  tbe  raDge-line  is  a  trtu  nuridjon.  Add  the'  oorrection  to  ^e  bearing  of  tfae 
range-line,  if  the  same  is  vat  of  north,  bat  (abtract  when  it  bears  lat  of  north. 
Tasu  a. — CorTtetiaiu  for  Ooittergtney,  infAM  a  TlxnuA^ 
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Aompb.  Latitude  47*.  Range-line  bears  N.  0*  S'  E. ;  then  panitd  meriiUouJ 
section-lines  will  be  run  as  follows : 

From  t^e  comer  for  sectfons — 

8S  and  Sfl,  N.  0°  I'  E.  82  and  SS,  N.  0°  2'  W. 

84  and  SS,  north.  81  and  82,  N.  0°  S'  W. 

88  and  84,  K.  0°  1'  W. 

t  See  "Prescribed  Limiu,"  page  SIS. 

%  Random  bearings,  determined  as  directed  above,  are  actually  the  tntt  bearii^ 
of  fractional  true  Unes  and  are  so  used  for  running  them.  Any  deviation  from  ran- 
dom bearings,  derived  from  the  application  of  the  falling,  changes  the  random  bear- 
ing bj  an  amount  due  to  unavoidable  errors,  and  should  give  for  a  final  result  a  bear- 
ing at  near  tht  true  btarinff  as  tbe  field-work  will  pennit.  A  (ryt  bearing  means  the 
angular  deviation  from  the  true  mgridian  in  contradisUnction  to  the  magmtic  bearing; 
or  angle  made  with  the  raagrutic  mtrxdian.  A  true  Une  will  be  understood  to  refer 
to  Hit  JuM  vpon  vAicA  Ms  umikt*  ar»  ttd^iU/ud. 
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true  line  blazed  aod  established  and  the  position  of  the  quarter-sectioD  cornel 
detenoioed,  as  directed  above. 

The  details  of  the  entire  operetion  will  be  recorded  in  the  fleld-DOtes. 

4.  Having  thus  eBtabliabed  the  line  between  sections  2B  and  86;  Irom 
the  corner  for  sections  )10,  26,  3C,  iind  86,  the  ifMt  and  north  boundaries  of 
sections  3S,  34,  18,  and  12,  will  be  established  as  directed  for  those  of  sec- 
tion 86;  with  the  exception  that  the  random  lines  of  said  north  boundaries 
will  be  run  poralUl  to  the  atablUhed  louth  baundariei  of  tht  tectiom  to  lehieh 
they  belond,  instead  of  the  south  boundary  of  section  86 — e.  g.,  the  random 
line  between  sections  24  and  25  will  he  nin  parallel  to  the  established  south 
boundary  of  section  29,  etc. 

5.  Then,  from  the  last-eetabliehed  section  comer— i.e.,  the  comer  for 
sections  1,  2,  11,  and  12~the  line  between  sections  1  and  3  will  be  pro- 
jected northward,  on  a  random  line,  paraUd  to  the  east  boundary  of  the 
township,  setting  a  post  for  temporary  quarter-section  comer  at  40-00  chains, 
t«  it9  inteisectiou  with  the  north  boundary  of  the  township.  It  the  random 
intersects  said  north  boundary  exactly  at  the  comer  for  sections  1  and  2,  it 
wUl  be  blazed  back  and  established  as  the  true  line,  the  temporary  quarter- 
section  corner  being  established  permanently  in  its  original  position,  and 
the  fractional  measurement  thrown  into  that  portion  of  the  line  between 
said  comer  and  the  north  boundary  of  the  township. 

If,  however,  said  random  intersects  the  north  boundary  of  the  township, 
to  the  east  or  west  of  the  comer  for  sections  1  and  2,  the  consequent  falling 
wilt  be  carefully  measured,  and  from  the  data  thus  obtained  the  true  return 
course  will  be  calculated  and  the  true  line  established,  the  permanent  quar- 
ter-section comer  being  placed  upon  the  same  at  40'00  chains  from  the  initial 
comer  of  the  random  line,  thereby  throwing  the  fractional  measurement  in 
that  portion  lying  between  the  quarter-section  comer  and  the  north  boundary 
of  the  township. 

When  the  north  boundary  of  a  township  is  a  base-line  or  standard  par- 
allel, the  line  between  sections  1  and  3  will  be  run  paralhl  to  the  ronjrtf-Itfw 
M  a  tnie  line,  the  quarter-section  comer  will  be  placed  at  40'00  chains,  and 
a  Aomng  comer  will  be  established  at  the  point  of  intersection  with  such  base 
or  standard  line ;  and  in  such  case  the  distance  from  said  closing  comer  to 
the  nearest  standard  comer  on  such  base  or  standard  line  will  be  carefully 
measured  and  noted  as  a  •wnntetton  line. 

6.  Each  successive  range  of  sections  progressing  to  the  weat,  until  the 
fifth  range  is  attained,  will  be  surveyed  in  a  similar  manner;  then,  from  the 
section  comers  establi^ed  on  the  west  boundary  of  said  range  of  sections, 
random  lines  will  be  projected  to  their  intersection  with  the  west  boundary 
of  the  township,  and  the  true  return  lines  established  as  prescribed  for  the 
survey  of  the  first  or  most  eastern  range  of  sections,  with  the  exception  that 
on  the  true  lines  thus  established  the  quarter-section  comers  will  be  estab- 
lished at  40-00  chains  from  the  initial  comers  of  the  randoms,  the  fractional 
measurements  being  thereby  thrown  into  those  portions  of  the  lines  situ- 
ated between  said  quarter-section  comers  and  the  west  boundary  of  the 
township. 
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7.  The  following  general  requirements  are  reiterated  for  emphasis: 

The  random  of  a  latitudinal  aection-line  will  always  be  run  paradA  to  Ou 
mntth  ioundary  af  the  itetiim  to  which  it  belong*,  and  with  the  true  heariag  of 
taid  bcntndary ;  and  vthea  a  leetion  has  no  linear  tojith  boundary,  the  random 
mill  be  run  paridlel  to  the  mmth  boundary  of  the  range  of  sections  in  tehiA  it  w 
rituat«d,  and  fractional  true  lin«t  will  be  run  in  a  rimilar  manner. 

8.  The  deputy  is  not  required  to  complete  the  survey  of  the  flrst  nutge 
of  sections  from  south  to  north  before  commencing  tht^  survej  of  the  second 
or  anj  subaequent  range  of  sectiooa.  but  the  corner  on  which  an;  random 
line  closes  afaall  have  been  previoual;  eBtablisbed  b;  punning  the  line  which 
determines  its  position,  except  as  follows :  Where  it  is  impracticable  to  estab- 
lish such  section  comer  in  the  regular  manner,  it  will  be  eBtablished.  b;  run- 
ning the  latitudinal  section-line  as  a  true  line,  with  a  trv«  bearing,  deter- 
mined as  above  directed  for  random  lines,  setting  the  quarter- section  comer 
at  40  00  chains  and  the  section  comer  at  80-00  chains. 

0.  Quarter-section  comers,  both  upon  meridional  and  latitudinal  section- 
lines,  will  be  established  at  points  equidittant  from  the  corresponding  sec- 
tion comers,  eteept  upon  the  lines  closing  on  the  north  and  west  boundaries 
of  the  township,  and  in  those  situations  the  quarter-section  corners  will  always 
be  established  at  precisely /orty  chain*  to  the  north  or  west  (as  the  case  ma; 
be)  of  the  respective  section  comers  from  which  those  lines  respectively  ^art, 
by  which  procedure  the  excess  or  deficiency  in  the  measurements  will  be 
thrown,  according  to  law,  on  the  extreme  tier  or  range  of  quarter-sections, 
as  the  case  may  be. 

10.  Where  b;  reason  of  impassable  objects  only  a  portion  of  the  south 
boundary  of  a  township  can  be  established,  an  auiiliary  base-line  (or  linea, 
as  the  case  may  require)  will  be  run  through  the  portion  which  has  no  linear 
south  boundary,  first  random,  then  corrected,  connecting  properly-estab- 
lished corresponding  section  comers  (either  interior  or  e:cterior)  and  as  far 
south  as  possible,  and  from  such  line  or  lines  the  section-lines  will  be  ex- 
tended northwardly  in  the  usual  manner,  and  any  fraction  tou^  of  said  lino 
will  be  surveyed  in  the  opposite  direction  from  the  section  comers  on  the 
auxiliary  bast^  thus  established. 

11.  Where  by  reason  of  impassable  objects  n*  portion  o/'tA**)irfAJoun(iary 
of  a  township  cut  be  regularly  established,  the  subdivision  thereof  will  pro- 
ceed  from  north  to  »outh  and  from  east  to  west,  thereby  throwing  all  frac- 
tional measurements  and  areas  against  the  nest  boundary,  and  the  meaoder- 
able  stream  or  other  boundary  limiting  the  township  on  the  south. 

If  the  east  boundary  is  without  regular  section  comers  and  the  north 
boundary  baa  been  run  eastwardly  as  a  true  line,  with  section  comers  at 
regular  intervals  of  80'00  chains,  the  subdivision  of  the  towns^hip  will  be 
made  from  weit  to  eatt,  and  fractional  measurements  and  areas  will  be  thrown 
against  the  irregular  east  boundary. 

12.  When  the  proper  point  for  the  establishment  of  a  township  or  sec- 
tion comer  is  inaccessible,  and  a  witness  comer  can  be  erected  upon  each 
of  the  two  lines  which  approach  the  same,  at  diatancea  not  exceeding 
twenty  chains  therefrom,  said  witness  comers  will  be  properly  established, 
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and  the  tulf-miles  upon  which  the;  ataod  wUl  be  recognized  as  mtntj/ed 

The  witoess  corner  will  be  marked  as  conspicuously  as  a  section  corner, 
and  bearing-trees  will  be  used  wherever  possible. 

HBAHSERnro.  1.  Proceeding  di»en  stream,  the  bank  on  the  left  hand  is 
termed  the  left  bajJc  and  that  on  the  right  hand  the  right  bank.  These  terma 
will  be  ueiversallj'  used  to  distinguish  the  two  banks  of  a  river  of  stream. 

3.  Navigable  rivers,  as  well  as  all  rivers  not  embraced  in  the  class  de- 
nominated "  navigable,"  the  right-angle  width  of  which  is  three  chains  and 
upward,  will  be  meandered  on  both  banks,  at  the  ordinary  mean  high-water 
mark,'  by  taking  the  general  courses  and  distances  of  their  sinuosities,  and 
the  same  will  be  entered  in  the  field-book.  Rivera  not  classed  as  navigable 
will  not  be  meandered  above  the  point  where  the  average  right-angle  width 
is  less  than  three  chains.  Shallow  streams,  without  any  well-deflned  chan- 
nel or  permanent  banks,  will  not  be  meandered;  except  tide-water  streams, 
whether  more  or  less  than  three  chains  wide,  which  should  be  meandered  at 
ordinary  high-water  mark,  as  f ar  aa  tide-water  extends. 

At  every  point  where  either  standard,  township,  or  section  lines  inter- 
sect the  bank  of  a  navigable  stream,  or  any  mesnderable  line,  cornere  will  be 
established  at  the  time  of  running  these  lines.  Buch  comers  are  called  mean- 
der corners,*  and  the  deputy  will  commence  at  one  of  these  comers,  follow 
the  bank  or  boundary-line,  and  measure  the  length  of  each  course  from  the 
bef^nning  comer  to  the  next  "meander  corner."  Compass  couises,  by  the 
needle  or  solar,  will  be  used  in  meanders.     Transit  angles  are  not  allowed. 

The  crossing  distance  between  meander  corners  on  same  line  and  the 
true  bearing  and  distance  between  corresponding  meander  comers  will  be 
ascertuned  by  triangulation,  or  direct  measurement,  in  order  that  the  river 
may  be  protracted  with  entire  accuracy.  The  particulars  will  be  given  in 
the  fleld-notes. 

In  meandering  water-courses  or  lakes,  where  a  distance  is  more  than  ton 
Atnn*  between  successive  stations,  whole  chains  only  should  be  taken;  bnt 
if  the  distance  is  let*  than  ten  chains,  and  it  is  found  convenient  to  employ 
chains  and  links,  the  number  of  links  should  be  a  multiple  tf  ten,  thereby 
saving  time  and  labor  in  testing  the  closings,  both  in  the  field  and  office. 

8.  The  meanders  of  all  lakes,  navigable  bayous,  and  deep  ponds,  of  the 
area  of  twenty-five  acres  and  upward,  will  be  commenced  at  a  meander  cor- 
ner and  continued,  as  above  directed  for  navigable  streams ;  from  said  corner 
the  courses  and  distances  of  the  entire  mai^n  of  the  same,  and  the  intersec- 
tions with  all  meander  comers  established  thereon,  will  be  noted. 

All  streams  falling  into  the  river,  lake,  or  bayou  will  be  noted,  and  the 
width  at  their  mouths  stated;  also  the  position,  size,  and  depth  of  springs, 
whether  the  water  be  pure  or  mineral;  also  the  heads  and  mouths  of  all 
bayous;  all  islands,  rapids,  and  bars  will  be  noted,  with  intersections,  to 
their  upper  and  lower  ends,  to  establish  their  exact  situation.     The  eleva- 

*  Then  oomers  are  the  rtgular  meander  corneni,  and  desiimatcd  "meander  oor- 
nere";  they  are  diBtingnlshed  from  ipteiat  and  mzi/iary  meander  oomers. 
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tioa  of  the  baoks  of  lakes,  bajoua,  and  streanis,  the  height  of  falls  and  ca» 
cadee,  and  the  length  and  fall  of  ntpide  vrill  be  recorded  in  the  field-notes. 

To  meander  a  lake  or  deep  pond  Ijing  entirel;  within  the  boundaries  of 
a  section,  two  lines  will  be  ran  from  the  two  nearest  camera  on  different 
aides  of  such  lake  or  pond,  the  courses  and  length  of  which  will  be  recorded, 
and  if  coincident  with  unsurvejed  tines  of  legal  subdivisions,  that  fact  will 
also  be  stated  in  the  field-notes,  and  at  each  of  the  points  where  said  lines 
intersect  the  margin  of  the  pond  or  lake  a  tp«eiai*  meander  comer  will  be 
established  as  above  directed. 

The  relative  position  of  these  points  being  thus  definitely  fixed  in  the 
section,  the  meandering  will  commence  at  one  of  tbem  and  be  continued  to 
the  other,  noting  the  intersection,  and  thence  to  the  begiiming.  The  pro- 
ceedings are  to  be  fullj  entered  in  the  field-notes. 

4.  Meander  lines  will  not  be  established  at  the  segregation  line  between 
dry  and  swamp  or  overflowed  land,  but  at  the  ordinarg  hiffh-teaUr  mari  of 
the  actual  margin  of  the  rivers  or  lakes  on  which  such  swamp  or  overflowed 
lands  border. 

5.  The  precise  relative  pontion  of  an  island  in  a  township  made  Pac- 
tional b;  a  river  or  lake  in  which  the  island  is  Bitust«d  will  be  determined 
b;  triangulatioD  from  a  special  and  carefully  measured  base-line,  initiated 
upon  the  surveyed  lines,  on  or  near  the  lake  or  river-bank  on  the  mainland, 
so  as  to  connect  by  course  and  distance  on  a  direct  line  the  meander  comer 
on  the  mainland  with  the  corresponding  point  on  the  island,  where  the 
proper  meander  corner  will  be  established. 

0.  In  maldDg  the  connection  of  an  island  lying  entirely  within  a  section 
with  the  mainland  a  special  base  wUl  be  measured  from  the  most  convenient 
meander  corner,  and  from  such  base  the  Icx^tiou  of  an  aarUiary^  meander 
comer  will  be  determined  by  triangulation,  at  which  the  meanders  of  the 
island  will  be  initiated, 

7.  In  the  survey  of  lands  bordering  on  tidt-viaUr  "meander  coruera" 
will  be  established  at  the  points  when  surveyed  lines  intersect  high-vatat 
mark,  and  the  meandera  will  follow  the  kigh-viaUr  line. 

8.  The  fleld-notes  of  meanders  will  show  the  dates  on  which  the  work 
was  performed.  The  field-notes  of  meanders  will  state  and  describe  the 
comer  from  which  the  meanders  commenced  and  upon  which  they  closed, 
and  will  exhibit  the  meanders  of  each  fractional  section  separately ;  follow- 
ing, and  composing  a  part  of  such  notes,  will  be  given  a  description  of  the 
land,  timber,  depth  of  inundation  to  which  the  bottom  is  subject,  and  the 
bonks,  current,  and  bottom  of  the  stream  or  body  of  water  meandered.  The 
utmost  care  will  be  token  to  pass  no  object  of  topography,  or  ehanft  thenm, 
without  giving  a  particular  description  thereof  in  its  proper  place  in  the 
notes  of  the  meanders. 


*  i.  "  ^tteial  Meander  Corner"  b  Mte  eatablished  rai  a  line  of  legal  sobdiTMcm, 

tmt  a  standard,  township,  or  section  line. 

f  An  "  aaiilisrj  meander  corner  "  is  one  not  on  a  Une  belonging  to  the  system  of 

rectangular  sarvejing. 
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408.  Sommarj  of  Olgeoti  and  Skta  rftqoired  to  be  tutted,  l.  The 
precise  length  of  ever;  line  run,  notiag  all  Dccessary  offsets  therefrora,  with 
the  reason  for  making  them,  and  method  employed. 

2.  The  kind  and  diameter  of  all  bearing-treeB,  with  the  course  u)d  dis- 
tance of  the  same  from  their  lespective  comen;  and  the  precise  relative 
position  of  witness  comers  to  the  true  comeis. 

S.  The  kind  of  materials  of  which  corners  are  constructed. 

4.  Tree*  on  line.  The  name,  diameter,  and  distance  on  line  to  all  trees  . 
which  it  intersects. 

5.  Intersections  b;  line  of  land  o^eeU.  The  distance  at  which  the  line 
intersects  the  jKnaidary-Hnei  at  every  reservation,  settler's  clum,  improve 
ment,  or  rancho;  prairie,  bottom  land,  swamp,  marsh,  grove,  and  windfall, 
with  the  course  of  the  same  at  all  points  of  intorsection ;  also  the  distances 
at  which  the  line  begins  to  ascend,  arrives  at  the  top,  begins  to  descend,  and 
reaches  the  foot  of  all  rmnariaWe  hills  and  ridges,  with  their  courees,  and 
ettimattd  A^ht  in  /eet,  above  the  level  land  of  the  surrounding  country,  or 
above  the  bottom  lands,  ravines,  or  waters  near  which  they  are  situated. 
Also  distance  to  and  across  laife  ravines,  their  depth  and  course. 

0.  Intersections  by  line  of  teater  tUgeett.  All  rivers,  creeks,  and  smaller 
streams  of  water  which  the  line  crosses;  the  distances  measured  on  the  trve 
line  to  the  bank  jfnt  artieed  at,  the  course  doKtn  stream  at  point*  oj  intaiee- 
tion,  and  their  aidiht  on  lin«.  In  cases  of  noDigdbU  streams  their  width  will 
be  ascertained  between  Vbemtandereomen^  as  set  forth  under  the  proper  head. 

7.  The  land's  mirfaee — whether  level,  rolling,  l>roken,  hilly,  or  moun- 
tainous. 

8.  The  KiiJ— whether  first,  second,  third,  or  fourth  rato. 

9.  Timher — the  several  kinds  of  timber  and  undergrowth,  in  the  order  in 
which  they  predominate. 

10.  Spring*  of  viata- — whether  fresb,  saline,  or  mineral,  with  the  coarse 
of  the  streams  flowing  from  them. 

11.  Lake*  and  pond* — describing  their  banks  and  giving  their  height,  and 
also  depth  of  water,  uid  whether  it  be  pm%  or  stagnant. 

19.  ImpTwementi.  Towns  and  villages;  houses  or  cabins,  fields,  or  other 
Improvements  with  owners'  names;  mill-sites,  forges,  and  factories,  mineral 
monuments,  and  all  comers  not  belonglug  to  the  system  of  rectangular  sur- 
veying; will  be  located  by  bearing  and  distance,  or  by  intereecting  bearings 
from  given  points. 

18.  Coal  banks  or  beds ;  peat  or  turf  grounds ;  min^alt  and  ores ;  with 
particular  description  of  the  same  as  to  quality  and  extent,  and  all  diggingi 
therefor;  also  so^  springs  and  licks.  All  reliable  information  that  can  be 
obtained  respecting  these  objects,  whether  they  be  on  the  line  or  not,  will 
appear  in  the  general  description. 

14.  Soadi  and  traiU,  with  their  directions,  whence  and  whither. 

15.  Rapids,  cataracts,  cascades,  or  falls  of  water,  with  the  estimated 
height  of  their  fall  in  feet. 

10.  Precipices,  caves,  sink-holes,  ravines,  stone-quarries,  ledges  of  rocks, 
with  the  kind  of  atone  they  afford. 
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17.  Natural  eariotitiet,  iDtereeting  fossile,  petrifactions,  organic  remains, 
etc.  \  also  all  ancient  worka  of  art,  such  hh  moundB,  fortifications,  embank- 
ments, ditcllea,  or  objects  of  like  nature. 

18.  The  magnetic  dediiuttion  will  be  ineid^niaUy  noted  at  all  points  of 
the  lines  being  surveyed,  where  any  n,aterial  ehoTige  \a  the  same  indicatea 
the  probable  presence  of  iron-ores  \  and  the  position  of  sutJi  pointa  will  be 
perfectly  identifled  in  the  field-noies. 

458.  FrMoribed  Limits  for  doting!  aod  Lengtha  of  LiuM  1.  If 
in  running  a  Tondom  township  exterior  such  random  falls  short  of  or 
exceeds  its  proper  length  by  mare  than  three  ehaint,  or  falls  more  than 
three  chain*  north  or  south  of  its  objective  comer,  it  will  be  re-run,  and, 
if  found  correct,  so  much  of  the  remaining  boundaries  of  the  township 
will  be  retraced  or  resurveyed  as  may  be  found  neeeetary  to  locate  the 

St.  Every  meridional  section-line,  except  those  terminating  in  the  north 
boundary  of  the  township,  shall  be  eighty  ehaim  in  length. 

8.  The  randi/m  meridional  section-lines  through  the  north  tier  of  sections 
shall  fall  within  Jifby  linkt  east  or  west  of  the  section  comers  established  on 
the  north  boundary  of  the  township,  atept  when  closing  on  a  base-line  or 
standard  parallel. 

4.  The  actual  length  of  meridional  section-tines  through  the  north  tier 
of  sections  shall  be  within  one  himdred  and  Ji/ty  link*  of  their  theoretical 
length.  The  latter  will  be  determined  from  the  meridional  boundaries  of 
the  north  tier  of  sections.  • 

5.  All  random  latitudinal  section-lines  shall  fall  within  J^ty  linkt  north 
or  south  of  their  objective  section  cornera. 

In  any  range  of  sections  the  difference  between  the  true  bearing  of  a 
latitudinal  section-line  and  that  of  the  south  boundary  of  the  range  ahall 
not  exceed  twenty-one  minutes  of  arc. 

The  latitudinal  section-lines,  except  those  terminating  in  the  weat 
boundary  of  the  township,  shall  be  within  jyiy  linkt  of  the  actual  distance 
established  on  the  south  boundary-line  of  the  township  for  the  width  of  the 
range  of  sections  to  which  they  belong. 

6.  The  north  boundary  and  the  south  boundary  of  any  ime  leetion,  except 
in  the  extreme  western  range  of  sections,  shall  be  within  J^ty  link*  of  equal 
length. 

7.  The  meanders  within  each  fractional  section,  or  between  any  two  suc- 
cessive meander  corners,  or  of  an  island  in  the  interior  of  a  section,  should 
close  within  a  limit  to  be  determined  by  allowing  Jive  righikt  of  a  Iwi  for 
each  ehitin  of  said  meander  line.  Where  the  meander  comers  marking  the 
ends  of  a  meander  line  in  a  fractional  section  are  located  on  standard,  town- 
ship, or  section  lines,  the  above  limit,  increased  by  one  fourth  of  &e  rejftdar 
perimeter  of  thefraetional  teetton,  xcpreued  in  miles,  multiplied  5y  letienty-one 
linkt,  will  ie  allowed. 

The  extreme  limit,  however,  will  in  no  caae  be  permitted  to  exceed  one 
handred  and  fifty  linkt. 
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460.  Marking-Linei.  All  lineB  on  which  are  to  be  established  the  legal 
corner  bouodaries  are  to  be  marked  after  this  method,  viz. :  Those  trees 
which  ma;  intercept  your  line  must  have  two  chops  or  notches  cut  on  caCh 
gide  of  tliem,  without  an;  other  marks  whatever.  These  are  called  "light- 
tree*,"  or  "  lin<-treei." 

A  sufficient  number  of  other  trees  staoding  nearest  to  ;our  line,  on  either 
dde  of  it,  are  to  be  Uaetd  on  two  aides,  dbgonall;  or  quartering  toward  the 
line,  in  order  to  render  the  line  conspicuous  and  readily  to  be  traced,  the 
blazes  to  be  opposite  each  other,  coinciding  in  direction  with  the  line  where 
the  trees  stand  very  near  it,  and  to  approach  nearer  each  other,  the  farther 
the  line  pasaea  from  the  blazed  trees.  Due  care  muat  ever  be  taken  to  have 
the  liaea  so  well  marked  as  to  be  readil;  followed. 

461.  Ibrklng-CorDen,  After  a  true  coursing,  and  most  exact  meu- 
nrementa,  the  comer  boundary  ia  the  consummation  of  the  work,  for  which 
all  the  previous  pains  and  expenditure  have  been  incurred.  A  boundary 
corner,  in  a  timbered  country,  is  to  be  a  tret,  if  one  be  found  at  the  preciso 
spot;  and  if  not,  a  stone  or  wooden  poit  is  to  be  planted  thereat;  and  the 
position  of  the  corner  post  ia  to  be  indicated  by  trees  adjacent  (called  besr- 
iug-trees),  the  angular  bearings  and  distances  of  which  from  the  comer  are 
facts  to  be  ascertained  and  registered  in  your  field-book. 

Stone  should  be  u.'icd  for  comers  in  all  cases  where  practicable. 

In  a  region  where  stone  abounds,  the  comer  boundary  will  be  a  small 
mcnuffMnt  0/'((onM  alongside  of  a  single  marked  stone,  for  a  township  cor* 
oer — and  a  rintfle  *tom  for  all  other  comers. 

In  a  region  where  timber  is  not  near,  nor  atone,  the  comer  will  be  a 
tnourul  of  earth,  of  prescribed  size,  varying  to  suit  the  case. 

Corners  are  to  be  fixed,  for  township  boundaries,  at  intervals  of  every 
BIX  miles;  for  section  boundaries,  at  intervals  of  every  mile,  or  80  chains; 
and,  for  quarter-section  boundaries,  at  intervals  of  every  half-mile,  or  40 

Hbakder  Corheb  PoflTS  are  to  be  planted  at  all  those  points  where  the 
township  or  eection  lines  intersect  the  banks  of  such  rivers,  lakes,  or  iaianda 
as  are  by  law  directed  to  be  meandered. 

When  stones  are  used  for  comers  the;  should  contain  at  least  S04  cubic 
inches,  and  be  inserted  in  the  ground  7  or  B  inches,  with  their  edges  ia  the 
direction  of  the  line. 

When  wooden  potU  are  used  their  length  and  size  must  be  proportioned 
to  the  importance  of  the  comer,  whether  township,  section,  or  quarter-sec- 
tion,  the  first  being  at  least  twenty-four  inches  above  ground,  and  four 
inches  square. 

Where  a  township  post  is  a  comer  common  to  four  townships,  it  is  to  be 
N 
set  in  the  earth  diagonally,  thus  :  W^^E.     On  each  surface  of  the  post  ia 

to  be  marked  the  number  of  the  particulai  township,  and  its  range,  which 
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it  faat.  Thug,  if  the  post  be  a  common  boundary  to  four  towoshipe,  say 
one  and  fao,  south  o(  the  base-line,  of  range  tme,  -nest  of  the  meridian;  also 
to  townships  ime  and  tte:-,  south  of  the  base-line,  of  range  too,  weat  of  the 
meridian — it  is  to  be  marked  thus: 

The  position  of  the  post,  vhich  ia 
here  taken  as  so  example,  is  shown 
in  the  following  diagram: 


T? 
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From  N.  to  E. 

T 

1  s. 

S. 

81        ) 
2W. 

Prom  N.  to  W. 

y  8. 
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2  8. 

a 
aw. 
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1 
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1.18, 

R.1  W 
T.  IS. 

86           Sit 

1             6  1 

E.JW. 
T.  3  8. 

K.1W 
T.  2  8. 

These  marks  are  to  be  distinetlj  and  neatly  chiseled  into  the  vood,  at 
least  the  eighth  of  an  inch  deep ;  and  to  be  also  marked  with  red  rhalk.  The 
niimSw  of  the  aeetiori  which  they  respectively /a«  will  alto  bemaried  on 
the  township  post. 

Section  or  mile  posts,  being  comers  of  sections,  when  they  are  common 
to  /our  sections,  are  to  be  set  diagonally  in  the  earth  (in  the  manner  pro- 
vided for  township  corner  posts);  and  on  each  side  of  the  squared  surfaces 
!h  to  be  marked  the  appropriate  nwnbtr  of  the  particular  one  of  the  yottr 
teetion*,  respectively,  which  such  side  fact*  ;  also  on  one  side  thereof  are  to 
be  marked  the  numbers  of  its  ttnetuhip  and  range  ;  and,  to  make  such  marks 
yet  more  conspicuous  (in  manner  aforesud),  a  streak  of  red  chalk  is  to  be 
applied. 

In  the  case  of  an  italated,  township,  subdivided  into  thirty-sii  sections, 
there  are  twenty-five  interior  sections,  the  southwest  comer  boundary  of 
each  of  which  will  be  oommoa  to  four  sections.  On  all  the  extreme  sides  of 
an  isolated  township  the  outer  tiers  of  sections  have  comers  common  onlj  to 
tiBo  sections  then  surveyed,  The  posts,  however,  must  be  planted  precisely 
like  the  former,  but  presenting  two  vaeant  surfaces  to  receive  the  appropriate 
marks  when  the  adjacent  survey  may  be  made. 

A  quarter-section  or  half-mile  post  is  to  have  no  other  mark  on  it  than 
J  8.,  to  indicate  what  it  stands  for. 

Township  comer  stones  or  posts  are  to  be  itorcHBD  with  riz  notches  on 
each  of  the  four  angles  set  to  the  cardinal  points. 

All  mile-posts  on  Uncruhip  linei  must  have  as  many  notches  on  them,  on 
two  opposite  anglet  thereof,  as  they  are  miles  distant  from  the  township  cor- 
ners, respectively.  Each  of  the  posts  at  the  comers  of  sections  in  the  inte- 
rior of  a  township  must  indicate,  by  a  number  of  notches  on  each  of  its  four 
comers  directed  to  the  cardinal  points,  the  corresponding  number  of  miles 
that  it  stands  from  the  outlinet  of  the  township.  The  four  aides  of  the  post 
will  indicate  the  number  of  the  section  they  respectively  face.     8hould  a 
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tree  be  found  at  the  place  of  any  comer,  it  will  be  marked  and  notched  u 
aforesaid,  and  aaawer  for  the  comer  in  lieu  of  a  post,  the  kind  of  tree  and 
its  diameter  being  given  in  the  fleld-notee. 

The  position  of  all  comer  poats,  or  corner  trees  of  nhaterer  deacription, 
which  may  be  established,  is  to  be  perpetuated  in  the  following  manner, 
viz. :  From  such  post  or  tree  the  courseB  shall  be  taken,  and  the  distances 
meaaured,  to  two  or  more  adjacent  trees,  in  opposite  directions,  as  nearly  aa 
may  be,  which  are  called  "bearing-treet,"  and  are  to  be  blaxed  near  the 
ground,  with  a  large  bUze  facing  the  peat,  and  having  one  notch  in  it, 
neatly  and  plainly  made  with  an  axe,  square  across,  and  a  little  below  the 
middle  of  the  blaze.  The  kind  of  tree  and  the  diametar  of  each  are  facta 
to  be  distinctly  set  forth  in  the  field-book. 

On  each  bearing-tree  the  letters  B.  T.  must  be  distinctly  cut  into  the 
wood,  in  the  blaze,  a  little  above  the  notch,  or  on  the  bark,  with  the  num- 
ber of  the  range,  tawnship,  and  section. 

At  all  township  comers,  and  at  all  sertion  corners,  on  range  or  townsbip 
lines,  /our  bearing-trees  are  to  be  marked  in  this  manner,  one  in  each  of  tiie 
adjoining  sectiona. 

At  interior  section  comen  /our  trees,  one  to  stand  within  each  of  the 
four  sections  to  which  such  corner  is  common,  are  to  be  marked  in  the  man> 
ner  aforesaid,  if  such  be  found. 

From  quarter-section  and  meander  comers  two  bearing-trees  are  to  ba 
marked,  one  within  each  of  the  adjoining  sections. 

Where  no  bearing-tree  is  at  the  comer,  and  suitable  stones  are  not  avafl- 
able,  a  conical  mound  of  earth  is  to  be  placed  around  the  comer  port. 
Township  mounds  are  to  be  two  and  a  half  feet  high  and  five  feet  in  diameter 
at  the  base.  Other  mounds  are  to  be  two  feet  high  and  four  and  a  half  feet 
in  diameter  at  the  base.  The  poets  in  the  mounds  shall  be  one  foot  in  the 
earth  below  the  mound,  and  extend  one  foot  above  the  mound.  At  the  foot 
of  the  post  is  to  be  deposited,  as  a  witness  for  the  future,  some  charcoal,  or 
a  glass  bottle,  or  a  marked  stone,  or  a  charred  stake  placed  on  the  side  of 
the  poet  toward  which  the  line  is  run. 

DoDBLE  CORNERS  BK  tA  be  found  nowhere  except  on  the  standard  paral- 
lels or  correction-lines,  whereon  are  to  appear  both  the  comers  which  mark 
the  intersection  of  the  lines  which  close  thereon,  and  those  from  which  the 
surveys  start  in  the  opposite  direction. 

The  comers  which  are  established  on  the  standard  parallel,  at  the  time 
of  running  it,  are  to  be  known  as  "  Standard  Cornen,"  and,  in  addition  to 
all  the  ordinary  marks  (as  herein  prescribed),  they  will  be  marked  with  tbe 
letters  B.  C.     The  "  cloring  eorMir*  "  will  be  marked  C.  C. 

462.  Pield-Ifotea  l.  The  proper  blank-books  for  original  JMd-fiotti 
will  be  furnished  by  the  surveyor-general,  and  in  such  books  the  deputy-sur- 
veyor will  make  a  faithful,  distinct,  and  minute  record  of  everything  done 
and  observed  by  himself  and  his  assistants,  pursuant  to  instructions,  in  re- 
lation to  running,  measuring,  and  marking  lines,  establishing  comers,  etc., 
and  present,  as  far  as  possible,  full  and  complete  topographical  sketchea  ctf 
21 
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all  standard  and  exterior  lines,  drawn  to  the  usoal  scale  for  township  exte- 
riora.  These  ' '  originiil  field-notes  "  are  not  necesaaril;  the  entries  made  in 
the  field,  in  the  dei>ut;'s  pocket  note-books  called  tablets;  but  the;  are  to 
be  full;  and  correct);  written  out  in  ink,  from  such  tablets,  for  the  perma- 
nent record  of  the  work.  Tablets  should  be  so  full;  written  as  to  verif; 
the  "original  field-notes"  whenever  the  surveyor-general  requires  them  for 
inspection. 

3.  A  full  description  of  all  comers  belonging  to  old  surveys,  from  which 
the  lines  of  new  survc;s  >tart,  or  upon  which  the;  ehie,  will  in  all  cases  be 
furnished  the  deputy  from  the  surTe;or-generer8  office,  when  authority  is 
given  for  commeucing  work ;  then,  if  the  old  corners  are  found  to  agree  with 
said  descriptions,  the  deputy  will  describe  any  one  of  tiiem  in  this  form, 
"  Which  is  a  stone  finnly  set,  marked,  and  witnessed,  as  described  by  the  sur- 
veyor-general ";  but,  should  a  comer  not  answer  the  description  supplied,  the 
deputy  will  give  a  full  ilftcriptum  of  such  comer  and  its  accessories,  follow- 
ing the  proper  approved  form  given  in  these  instructions. 

A  full  description  of  each  corner  established  under  an;  one  contract  will 
be  given  imee  only ;  subsequent  reference  to  such  comer  will  be  made  in  the 
form,  "heretofore  described,"  or  (e.  g.)  "the  comer  for  sections  2,  8,  10, 
and  11,"  as  the  case  may  require. 

In  all  cases  where  a  comer  is  re-atabliAed  the  oriffmal  jMd-noUt  will  de- 
scribe fully  the  manner  in  which  it  is  done. 

8.  The  original  JUld-note*  of  the  survey  of  base,  standard,  and  meridian 
lines  will  describe  all  comers  established  thereon,  how  established,  the  cross- 
ings of  streams,  ravines,  hills,  and  mountuns;  character  of  soil,  timber, 
minerals,  etc. :  and  after  the  description  of  each  township  comer  established 
in  running  such  lines,  the  deputy  will  note  particularly  in  the  "general  de- 
scription "  the  character  of  townships  on  each  side  of  the  lines  run. 

4.  The  original  field-nota  of  the  survey  of  exterior  boundaries  of  town- 
riiips  wilt  describe  the  comers  and  topograph;,  as  above  required,  and  the 
"general  description  "  at  the  end  of  such  notes  will  describe  the  townships 
as  fully  as  possible,  and  also  state  whether  or  not  they  should  be  subdivided. 

G.  The  oHgmal  field-note*  of  the  subdivisional  survey  of  townships  will 
describe  the  comers  and  topograph;  as  above  required,  and  the  "general 
description  "  at  the  end  of  such  notes  will  state  minutely  the  character  of 
the  laud,  soil,  timber,  etc,  found  in  such  townships. 

The  topograph;  will  be  given  on  the  true  hn»  in  all  cases,  and  will  be 
taken  correctly,  not  estimated  or  approximated. 

6.  With  the  original  Jield-noUt  of  the  survey  of  base-lines  and  standard 
parallels,  and  principal  and  guide  meridians  forming  a  tract  twenty-foui  miles 
square,  including  those  of  the  township  exteriors  therein,  the  deputy  will 
submit  a  diagram  of  the  lines  surveyed,  drawn  to  a  scale  of  half  an  inch 
to  one  mile,  upon  which  will  be  written  the  tnu  bearing*  and  length*  of  all 
wurreyfd  line*,  except  the  lengths  of  those  which  are  actually  40'00  or  SO'OO 
chains.  These  diagrams  will  exhibit  all  water-courses,  with  the  direction 
of  each  indicated  b;  an  arrow-head  pointing  dawn  tlream;  also  the  intersec- 
tion of  the  lines  with  all  prunes,  marshes,  swamps,  ravines,  lakes,  ponds, 
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mountuDB,  bills,  RDd  all  other  natural  or  arti&cial  topographical  features 
mentioued  in  the  original  Jteld-notet,  to  the  fullest  extent  poseible. 

7.  With  the  special  iuMtructioni  for  making  HubdivisioDa!  aurveys  of  town- 
ships into  sectiona,  the  deputy  will  be  furnished  by  the  surveyor-general  with 
bltmi  townAip  diagrami  drawn  to  a  scale  of  one  ineh  to  fiyrty  cAhmm,  upon 
which  the  eru«  6Mtrt^«  and  lenfftht  of  the  Unenthip  and  teetitm  Hnei,  fron 
tehieh  the  aiTvey*  are  to  he  projected,  or  upon  which  they  are  to  dote,  will  be 
ear^vUy  marked. 

8.  Triangulations,  oflaetB,  or  tnversee,  made  to  determine  diatanceB  that 
can  not  be  directly  measured,  such  as  those  over  (e.  g.)  deep  streams,  lakes, 
impassable  swamps,  canons,  etc.,  will  be  made  on  the  random  line*,  when 
random  lines  are  run.     All  particulars  will  be  fully  stated  in  the  field-notea. 

The  exhibition  of  every  mile  of  surveying,  whether  on  standard,  town- 
ship, or  subdivision  lines,  and  the  meanders  in  each  section,  will  be  com- 
plete in  itself,  and  will  be  separated  from  other  records  by  a  black  line 
drawn  across  that  part  of  the  page  containing  the  body  of  not«s.  The  de- 
scription of  the  surface,  soil,  minerals,  timber,  undergrowth,  etc.,  on  eath 
mile  of  line  will  follow  the  not«8  of  survey  of  such  line,  and  not  he  mingled 
mOt  them. 

Particular  care  will  be  taken  to  record  at  the  end  of  each  mile  the  num- 
ber of  cbuns  of  mountainoui  land,  heavily  tifi^ered  land,  or  land  covered 
with  dente  undergrowth. 

The  date  of  each  day's  work  will  immediately  follow  the  notes  thereof. 

9.  Near  the  end  of  the  original  fietd-aoteg  and  immediately  before  the 
"general  description,"  the  deputy-surveyor  will  add  a  tabular  statement  of 
the  latitude  and  departure  of  all  boundary-lines  of  the  township. 

Besides  the  ordinary  notes  taken  on  line  (and  which  will  always  be  writ- 
ten down  on  the  spot,  leaving  nothing  to  be  supplied  by  memory),  the 
deputy  will  subjoin,  at  the  conclusion  of  his  book,  such  further  description 
or  information  touching  any  matter  or  thing  connected  with  the  township 
(or  other)  survey  which  he  may  be  able  to  afford,  and  may  deem  useful  or 
necessary  to  be  known — with  a  general  deteription  of  the  township  in  the 
aggregate,  as  respects  the  face  of  the  country,  its  soil  and  geological  features, 
timber,  minerals,  waters,  etc. 

For  full  details  of  public-land  snrveying,  see  "  Matmal  of  Sur- 
veying InstructionB  for  the  Survey  of  the  Public  Laods  of  the 
TJaited  States,"  iBSued  by  the  CommisaioDer  of  the  General  Lacd- 
Offlce.  These  "  Instractions "  are  prepared  for  the  direction  of 
those  engaged  on  the  public-land  surveys,  and  new  editions  are 
isened  from  time  to  time  to  note  any  changes  in  methods  of  work 
or  of  marking  stations. 
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SO -40 
ai-w 

39-60 
40-00 


SPBWIMEN  PIELD-NOTES. 
Eait  ioundary  of  T.  IS  X.,  R.  tl  & 


NoHh,  b«l.  WCB,  3a  tni  30. 
Orer  lieTel  laud,  through  cedar  timber. 

Creeic  IS  Iks.  wide,  pure  water,  1  ft.  deep,  g«ntle  cun«ii(,  ooune  8.  80°  E. 
Creek  1 0  Iks.  wide,  pure  water,  2  ft.  deep,  ^ntle  curreat,  coarse  S.  10*  E. 
Leave  cedar  timber,  begin  aacent,  bears  8.  70°  £.  and  N.  T0°  W. 
Top  of  aacent  of  *•>  ft.,  eater  le»el  plain,  bear«  E.  and  W. 
Set  a  oedar  poet,  8  ft.  long.  8  in.  sq.,  with  cfaaired  stake,  34  in.  ia  the 
gniuDd,  for  i  sec  cor.,  marked  1  S.  on  W.  faoe ;  dig  pita,  18  x  17  K  IS 
in.,  S.  and  S.  of  post,  8  ft.  dlat.,  and  i^se  a  mound  of  earth,  3i-f (.  bau, 
II  ft.  high,  W.  of  cor. 
September  9 ;  At  this  ^  sec.  cor.  I  set  off  5°  9'  S.,  on  the  decL  arc ;  and 
at  11^  GT^.l  I.  m.  L,  obserre  the  min  on  the  meridian;  the  remlUng 
lat.  iB  4H°  Stl'O',  which  is  about  0'2'  greater  thaa  the  proper  lat. 
Greek  IS  Iks.  wide,  pure  wsier,  1  ft  deep,  gentle  conent,  course  S.  B0°  E, 
Set  a  oedar  post,  8  ft  lon^ ,  4  in.  sq.,  with  quart  of  chanioal,  £4  in.  in  the 
ground,  for  cor.  of  sees,  la,  24,  211,  and  SO,  marked 
T.  18  N.,  a.  19  on  N.  E., 
TL  2-2  E.,  a  SO  on  S.  E., 
a  SB  on  S.  W.,  and 

R.  SI  E.,S.24onN.W.faceii;  with  4  notches  on  N.  and  Snotdiea 
on  B.  edges  1  dig  pits,  18 x  IB  x  18  in..  In  each  sec  H  ft.  dUt; 
and  raise  a  mo\md  of  euih,  4  ft.  base,  9  ft  high,  W.  of  oct. 
I^nd,  level. 

Soil,  saad;  loam ;  2d  rate. 
Timber,  oedar. 


Ct^ 

S.  89°  BS'  E.,  on  a  nndom  line,  bet  aeca.  It  and  34. 

Over  level  land. 

40-00 

Set  temp,  i  sec  oor. 

80-01 

Intersect  E.  bd7.  of  the  Tp.  at  the  oor.  of  sees.  IS,  IB,  19,  Mid  S4,  whitdi 

Theuce  I  run 

N.  89°  GB'  W.,  on  a  true  tine  bet.  MC«.  18  and  M, 

Over  sand;  alkali  land. 

40-001 

Set  a  juniper  post,  t  ft.  long,  3  In.  sq^  with  marited  sWne,  24  in.  In  the 
groQDd,  for  yUc.  cor.  marked  1  S.,  on  N.  face ;  dig  pits,  18  x  18  x  18 
ki.,  E.  and  W.  of  post,  3  ft  dist.,  and  raise  a  mound  of  earth.  Si  ft 
base,  IJ  ft.  high,  S.  of  cor. 

80-01 

The  oor.  of  sees.  13.  14,  28,  snd  24. 

Alkali  creek  (now  dry),  runs  eastward  aboat  4-00  cbe.  south  of  this  line. 

Land.  level. 

Soil,  alkali  sand;  4th  rate. 

No  Umber. 
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403.  Nearly  all  of  the  lines  required  in  the  public-land  enrvejB 
are  meridians  and  parallels  of  latitude.  Meridians  may  be  located 
by  the  methods  given  in  Chapter  III,  bnt  the  easiest  method  is 
with  the  Solar  Oompaa. 

There  are  several  Tarieties  of  this  instrument,  all  of  which  are 
constructed  on  the  same  principle,  and  are  modifioatiooe  of  the 
instrument  invented  by  William  A.  Burt,  and  patented  by  him  in 
1836. 

Before  describing  the  solar  compass,  it  will  be  necessary  to  da- 
fine  the  terms  to  be  used. 

461,  Deflnitioni.  The  am»  of  th«  »tu-th  is  the  Imagmar;  lioe  about 
which  it  revolves.  The  points  in  Whiob  the  axU  meeU  the  anrfaoe  ot  the 
«arth  are  called  the  polat  of  the  earth, 

UeridiaDS  are  great  circles  of  the  earth's  serface,  paHsiDg  throogb  the 
poles.  The  equator  ia  a  great  circle  of  the  earth's  surface,  90°  from  the 
poles.  ParaileU  of  latitude  are  small  oirclea  of  the  earth's  sarfoce  parallel 
to  the  equator.  LaUtud«  U  the  diataoce  north  or  south  from  the  eqnator,  and 
U  DaeBBared  on  a  meridian  drole.  Longitudt  is  distance  east  or  neat  trotn 
■ome  established  meridian.  The  meridisn  of  Greenwich,  Eogland,  is  nsnallj 
taken  as  thepnoM  meridian^  from  wtiioh  longitade  ia  reckoned. 

Attr&nomieal  Term*.  Conceive  all  of  the  heaveol;  bodies  projected  npra 
the  concave  surface  of  a  sphere,  of  which  the  earth  is  the  center,  and  whose 
radins  is  infinitel;  great  when  compared  with  that  of  the  earth.  This  ii 
called  the  Geltitiai  Sphere. 

If  the  axis  of  the  earth  be  prolonged,  the  poltitA  in  which  it  meets  the 
oelestial  sphere  are  called  the  north  and  south  poles  of  (he  heavens,  and  the 
line  joining  them  is  called  the  axis  of  the  celestial  sphere.  The  qiparent 
revolution  of  the  heavenlj  bodies  about  the  axis  of  the  celestial  sphere  b  doe 
to  the  rotation  of  the  earth  on  its  axis  once  in  tweutj-fonr  hours. 

A  plane  passed  tangent  to  the  earth  at  the  feet  of  an  observer  is  the  wn- 
liitle  horiton;  and  a  plane  passed,  parallel  to  this,  through  the  center  of  the 
earth,  is  the  rational  horiton.  Bince  Uie  radiusof  the  earth  is  infinitely  smsU 
in  comparison  with  that  of  the  celestial  sphere,  if  the  planes  of  the  rational 
horizon  and  sensible  horizon  be  extended  in  everr  direction  indefinitelj,  they 
will  meet  the  celestial  sphere  in  one  great  circle,  called  the  eelttHal  horteon. 
If  the  plane  of  the  earth's  equator  be  extended  indefinitely,  it  will  meet  the 
oelestial  sphere  in  a  great  circle,  called  the  eeUttial  equator,  or  equinoctial. 

If  through  any  place  a  line  be  passed,  perpendicular  t«  the  plane  of  the 
horizon,  the  point  in  which  it  meets  the  relestial  sphere  above  tho  observer 
ia  called  the  renith;  and  the  point  in  which  it  meets  the  oelestial  sphere  !>•• 
low  the  observer,  the  nadir. 
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Great  circles  posabg  throogh  the  zenith  and  nadir  are  <i>»rtieal  cireUt. 

The  unith  diiCanee  of  a  heatienly  body  ia  its  ant;ular  distance  (rom  the 
unith,  and  ia  measared  od  a  vertioat  circle.  The  altitude  of  a  bod;  is  ita 
angalar  diataaoe  above  the  celestial  horizon,  and  is  measured  on  a  vertical 
drole.    Altitude  and  zenith  distance  are  complements  of  each  other. 

G-reat  oirclas  paaaing  throagh  the  polea  of  the  celestial  fphere  are  called 
eircUt  (^  decUaation,  or  Aour-eirefsf.  The  dtelijiation  of  a  heavenlj'  body  ia 
ita  angalar  distance  north  or  south  from  the  equinoctial,  and  is  measared  on 
a  circle  of  declination. 

The  oeleatial  meridian  of  an;  place  ie  a  great  urcle  pasaing  through  the 
aanith,  and  throngh  the  polea  of  the  celestial  aphere.  Tb«  line  in  which  the 
plane  of  the  celestial  meridian  meets  the  plane  of  the  horizon  is  the  term- 
trial  meridian,  or  true  north  and  sonth  line. 

The  hovr-angle  of  a  heavenl;  bod;  is  the  angle  at  the  pole  between  the 
meridian  and  the  declination  airole  passing  throagh  the  hody. 

The  parallaciie  angU  is  the  angle  at  tlie  bodj  between  the  declination 
oirole  and  veridoal  circle  paasing  through  tiie  bod;. 

The  anmuth  of  a  hcavenl;  bod;  ia  the  angle  between  the  oeleatial  me- 
ridian and  a  vertical  circle  passing  throagh  the  bod;,  and  is  measured  on  tha 
celestial  horizon. 

If  an  observer  be  at  the  equator,  the  celestial  horixon  will  pass  throngb 
the  pules  of  the  heavens,  and  the  celestial  eqaator  throogh  the  zenith.  For 
each  degree  which  tlie  observer  travels  northward  on  the  earth,  the  north 
pole  of  the  heavens  will  ajipear  to  rise  one  degree  above  the  horizon,  and 
the  celestial  equator  will  appear  to  move  one  degree  southward  from  the 
zenith.  The  latitude  of  a  |>lace,  then,  is  equal  to  the  altitude  of  the  elevated 
pole,  or  to  the  declination  of  the  zenith.  In  the  nortLern  hemisphere  tiie 
north  pole  of  the  heavens  ia  the  elevated  pole. 

The  earth  revolves  eroand  the  snn  in  an  elliptical  orbit  once  in  a  year.  Thia 
gives  the  sun  an  apparent  motion  around  the  earUk.  The  path  of  the  earth, 
or  the  apparent  path  of  the  aun  in  the  heavena,  ia  called  the  ecliplie.  It  b  a 
great  circle  on  the  oeleatial  aphere,  making  an  angle  with  the  celestial  eqav 
tor  of  about  2S°  S7'.  The  two  points  in  which  the  ecliptic  meets  the  equi- 
noctial are  called  tiie  equinoxet.  The  sun  is  on  the  equinoctial  the  Slat  of 
Mareh.  This  is  the  verttal  equinox.  It  then  moves  north  of  the  equator, 
increasing  oonstanti;  in  northern  declination,  nntil  the  21st  of  June,  when 
ita  declination  isaboutSS"  27' north.  Tbiiiatha  northern  tumrMriolttiee,  It 
then  decreases  in  declination  nntil  September  Slat,  when  it  is  again  on  the 
equinoctial.  This  is  the  autvmnal  eqvinex.  It  then  moves  south  of  the 
eqaator,  increasing  in  southern  declination  until  December  31st,  when  ita 
declination  Is  about  23'  27'  south.  This  is  the  northern  winter  loUtiee.  It 
then  decreases  in  declination  nntil  March  Slst,  when  it  again  arrives  at  the 
vernal  equinox.  The  declination  of  the  aun  is  given  in  the  "  Naatical  Alma- 
nac "  for  ever;  daj  in  the  year. 

The  trantit  of  a  heavenl;  bod;  b  its  passage  across  the  celestial  me- 
ridian. 

A  tidereal  day  ia  the  interval  of  time  between  two  sacceasive  tranaits  of 


^dbvGoo^^lc 


THE  SOLAR   COMPASS. 


331 


the  7eriiai  vqainox.  A  lolar  day  \a  tlie  interval  of  time  between  two  bqo- 
cesfflTS  transits  of  the  sun.  The  apparent  motion  of  the  sua  is  not  nniform, 
and  hence  use  is  made  of  a  fictitious,  or  mean  sun,  moving  on  the  equinoctial 
with  a  aniform  motion,  and  keeping  mean  lolar  lime.  Tliiti  is  the  time  kept 
b/  clocks  and  watohes.  The  time  indicated  b;  the  true  son  is  culled  appar- 
tnt  tolar  time.  This  i4  the  time  given  by  sun-dials.  The  difference  between 
apparent  solar  time  and  mean  solar  timti  is  called  the  equation  of  time.  The 
eqnation  of  time  is  zero  foar  times  in  a  jear^  and  ita  maximum  value  is  ebOQt 
sixteen  minatee.  It  is  given  in  the  "  Nantical  Almanac  "  for  ever;  da;  in  th* 
jeai; 

A  ra;  of  light,  passing  from  a  rarer  to  a  denser  medium,  is  bent,  or  re- 
fracted, toward  a  perpendicalar  to  the  surface  of  the  second  medinm  at  the 
point  where  the  raj  enters.  The  atmosphere  surrounding  tlie  earih  variee 
in  density,  being  denser  as  we  approach  the  surface  of  the  earth.  The  light 
eoming  from  a  heavenly  Ixfdj,  and  passing  through  the  atmosphere,  will  be 
constantly  bent  toward  a  perpendicular  to  the  surface  of  the  earth,  and  Iti 
path  will  he  a  curve,  and  not  a  strught  line.  The  apparent  direction  of  • 
heavenly  body  will  be  tan- 
gent to  this  corve  where  it  fto-  8«9. 
meete  the  eye  of  the  oh-  Z 
server.  The  difference  be- 
tween the  apparent  and 
the  true  positions  of  a 
heavenly  body  is  called  rs- 
fraetioa.  It  is  zero  at  the 
zenith,  and  about  83'  at 
the  horizon  ;  4S°  from  the 
zenith  it  is  about  67". 

Refraction  in  creases  the 
altitndeofa  heavenly  body 
and  deoreases  the  zenith 
distance. 

In  fig.  839,  N  S  repre- 
sents the  axis  of  the  celes- 
tial sphere,  N  the  north 
pule,  and  S  the  south  pole. 
E  D  Q  is  the  equinoctial, 
H  A  0  the  horizon,  and 
H  Z  0  X  the  meridian.  Z  A  X  is  a  vertical  circle,  N  D  S  a  deolinatltat-drol*. 
0  (the  position  of  the  earth)  is  the  cent«r  of  the  celestial  sphere.  Z  is  the 
zenith  and  S  the  nadir.  Let  P  be  any  point  on  the  celestial  sphere.  A  P  is 
its  altitude,  P  Z  its  zenith  distance,  and  P  D  its  declination ;  Z  N  P  its  hour- 
angle,  Z  P  N  its  parallactic  angle,  and  N  Z  P  its  azimuth. 

48S,  The  Bolar  compass  diQers  from  the  ordinary  oompaes,  Fig. 
135,  in  baring  a  Bolar  apparatns,  instead  of  a  magnetic  needle,  ton 
determining  the  meridian. 
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In  tbe  figure,  a  is  the  latitude-arc,  whose  center  of  motion  is  in 
two  pivotB,  one  of  which  is  shown  at  d.  It  is  furnished  with  a 
clamp,  slow-motion  screw,  /,  and  vernier,  e. 

The  declination-arc  is  shown  at  (.  The  morahle  arm,  h,  has 
its  center  of  motion  in  a  pivot  at  g,  and  is  furnished  with  a  olamp, 
Ternier,  v,  and  a  slow-motion  screw,  k. 


The  plane  of  the  hour-arc,  c,  is  at  right  angles  to  the  latitude- 
arc,  and  its  center  is  in  the  polar  axis  p. 

The  declination-arc  and  latitude-arc  are  read  to  minntes  by  tbe 
verniers.  The  hour-arc  is  graduated  to  half-degreea,  and  is  figared 
both  for  hours  and  degrees. 
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Attached  to  each  end  of  the  arm  A  is  a  rectangular  block  of 
brass,  in  which  is  set  a  convex  lens,  whose  focns  is  on  a  ailver 
plate  attached  to  the  face  of  the  opposite  block.  The  silver  plate 
is  marked  by  two  sets  of  parallel  lines,  at  right  angles  to  each 
other,  as  shown  in  Fig.  341  ;  b.b  are  called  the  hour-lines,  and  c  c 
the  equatorial  lines.     The  distance  between  the 


equal  to  the  diameter  of  the  image  of  the  sun, 
formed  by  the  lena  in  the  opposite  block. 

The  needle-box  n  contains  a  magnetic  nee- 
dle, and  is  famished  with  an  arc  of  aboat  36°  in  extent,  graduated 
to  half-degrees.     The  needle-box  can  be  moved  about  ita  center  by 
the  slow-motion  screw  t. 

The  sight  and  levels  are  similar  to  those  of  the  ordinary  compass. 

The  equatorial  nights,  u  and  n,  attached  to  the  upper  side  of 
the  rectangular  lens-blocks,  are  used  in  the  adjustments. 

The  adjuster,  also  used  in  adjusting  the  instrument,  is  kept  in 
the  instrument- box,  and  is  not  shown  in  the  figure. 

The  compass-sights  are  attached  to  the  lower  plate,  and  the 
solsr  apparatus,  levels,  and  needle-box  to  the  upper  plate.  The 
horizontal  limb  is  read  to  single  minutes  by  the  vernier. 

Suppose  the  instrument  to  be  set  up  and  leveled,  with  the  lati- 
tude-arc toward  the  south.  If,  now,  the  latitude-arc  he  set  to  the 
latitude  of  the  place  of  observation  (that  is,  so  that  the  plane  of 
the  honr-arc  makes  an  angle  with  the  vertical  equal  to  the  latitude 
of  the  place),  the  plane  of  the  hour-arc  will  then  be  in  the  plane  of 
the  celestial  equator,  and  the  polar  axis  will  be  parallel  to  the  axis 
of  the  earth,  and  will  point  toward  the  north  pole  of  the  heavens. 
If  the  sun  be  on  the  celestial  equator,  the  declination-aim,  h,  may 
be  set  at  zero  on  the  declination-arc,  and  it  will  then  lie  in  the 
plane  in  which  the  sun  appears  to  move.  If  the  declination-arc 
be  turned  so  as  to  point  toward  the  sun,  the  lens  id  the  block  to- 
ward  the  sun  will  form  an  image  on  the  silver  plate  attached  to  the 
opposite  block.  By  means  of  the  polar  axis,  p,  the  declination- 
arm  may  be  turned  so  as  to  follow  the  sun  all  day. 

When  the  sun  is  not  at  the  equinoxes,  set  off  its  declination  on 
the  declination-arc,  and  the  declination-arm.  when  turned  about  on 
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the  axis,  p,  will  still  turn  in  the  plane  in  which  the  sun  appears  to 
more.  When  the  sun  is  in  south  declination,  turn  the  declination- 
arc  away  from  the  sun  ;  and  when  the  sun  is  in  north  declination, 
tnm  the  declination-arc  toward  the  sun. 

When  the  instrument  is  in  perfect  adjustment,  and  is  properly 
.  set  up  and  leveled,  the  image  of  the  sun  can  not  be  brought  be- 
tween the  eijuatorial  lines,  unless  the  sights  are  in  the  plane  of  the 
meridian. 

Adjustments. 

486.  The  adjustments  will  be  given  in  the  order  in  which  they 
should  be  made.  In  describing  each  adjustment,  it  will  be  sap- 
posed  that  the  instrument  has  been  properly  set  up  and  leveled, 
and  the  latitude-arc  turned  toward  the  south. 

467.  Tirat  Adjtutment  To  cause  the  level-huhhlex  fo  rt^nin.  in 
the  center  of  the  tubes  when  the  instrument  is  turned  aroutid  on  its 
vertical  axis.  The  verification  and  rectification  are  the  same  as 
those  given  for  the  transit  (323). 

468.  8«cond  Adjustment  To  adjust  the  equatorial  lines  and 
solar  lenses.  Detach  the  declination-arm,  A,  by  removing  the  neces- 
sary screws,  and  attach  in  its  place  the  a^uster,  replacing  the 
screws  of  the  pivot,  and  also  of  the  clanp 

Place  the  arm  h  on  the  adjuster,  with  the  same  side  against  the 
declination -arc  as  before  it  was  detached.  Then,  by  means  of  the 
vertical  axis  of  the  instrument,  the  declination  and  latitude  arcs, 
and  the  leveling-acrews,  turn  the  arm  in  the  direction  of  the  sun, 
and  bring  the  image  of  the  aun  between  the  equatorial  lines.  Then 
turn  the  arm  half  over,  bringing  the  opposite  faces  of  the  blocks  in 
contact  with  the  adjuster. 

If  the  sun's  image  remains  between  the  equatorial  lines,  the  sil- 
ver plate  is  in  ita  proper  position.  If  not,  loosen  the  screws  which 
hold  the  plate,  and  move  the  plate  so  as  to  correct  half  of  the  ap- 
parent error.  Verify  the  work  by  repeating  the  above  operation, 
Dutil  the  image  remains  between  the  lines  in  both  positions  of  the 

To  adjust  the  other  plate,  turn  the  arm  end  for  end  on  the  ad- 
juster, and  then  proceed  as  for  the  first  plate. 
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When  both  pl&tes  have  been  properly  a-jjusted,  remove  the  ad- 
jnster,  and  replace  the  declination -arm  aad  its  attachments. 

489.  Third  Adjoatnunt  To  adjust  the  vernier  of  the  declina- 
tion-are. Set  the  vernier  of  the  declination-arc  at  lero.  Tnrn  the 
declination-arm  A  bo  as  to  point  toward  the  snn.  Bring  the  snn's 
image  between  the  eqaatohal  lines,  by  means  of  the  slow-motion 
Bcrew  of  the  latitade-arc  and  the  parallel  plate-screws,  as  in  the 
second  adjnstment.  Then  revolve  the  arm  so  as  to  bring  the  op- 
posite solar  lens  toward  the  sun.  If  the  san's  image  now  comes 
between  the  equatorial  lines,  no  adjustment  is  necessary.  If  not, 
correct  half  of  the  apparent  error  by  means  of  the  slow-motion 
aorew  k.  Verify  the  work  by  repeating  the  above  operation  until 
the  image  comes  between  the  lines  in  both  positions  of  the  arm. 
The  zero  of  the  vernier  will  now  not  coincide  with  the  zero  of  tbe 
arc.  Make  it  do  so  by  loosening  the  screws  which  hold  the  ver- 
nier,  and  moving  the  vernier. 

470.  Fourth  Adjutment  To  adjust  the  Solar  Apparatus  to 
the  CompaaS'SightB.  Set  tbe  vernier  of  the  horizontal  limb  at  90°. 
Ruse  the  latitnde-ara  until  the  polar  axis  is  horizontal,  and  set  the 
vernier  of  the  declination-arc  at  zero.  Direct  the  equatorial  eights 
at  some  distant  point.  If  the  same  point  is  seen  through  the  sights, 
no  adjustment  is  necessary.  If  not,  tbe  sights  must  be  changed, 
or  some  equivalent  adjustment  made,  which  can  only  be  done  by 
an  instnimeat-maker. 

471.  Before  tbe  instrument  can  be  used  in  the  field,  it  is  neoes- 
sarj  to  determine  what  angles  are  to  be  set  off  on  the  declination- 
arc  and  on  the  latitude-arc. 

On  the  declination -arc,  both  tbe  declination  of  the  sun  and  the 
correction  for  refraction  most  be  provided  for. 

478.  DooUsRtion.  The  declination  of  tbe  sun  at  noon  at  Green- 
wich, England,  is  given  in  the  "  Nautical  Almanac  "  for  every  day 
in  the  year,  together  with  the  hourly  change  in  declination. 

To  determine  tbe  declination  at  any  place  for  any  time,  a  cor- 
rection will  need  to  be  applied  for  difference  of  declination  doe  to 
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the  differenoe  of  time  correepoodiiig  to  difference  of  longitude,  and 
also  for  change  of  declination  for  different  honiB  of  the  day. 

For  example,  snppoee  we  wish  to  find  the  declination  of  the  ana 
at  Schenectady,  Xew  York,  for  the  different  honra  of  the  day  on 
May  1,  1886.  The  longitude  of  Schenectady  is  73°  55' SO*  west 
This  in  time  is  4  h.  55  m.  43  sec.,  or  approximately  (and  near  enough 
for  this  purpose)  5  hours.  From  the  "  Nantical  Almanac  "  we  find 
that  the  declination  of  the  San  at  Greenwich,  noon  on  May  1st,  to 
be  15°  12'  37 '5'  north,  and  the  hourly  difference  ia  45". 

When  it  is  noon  at  Greenwich,  it  is  7  o'clock  in  the  morning  at 
Schenectady,  and  at  that  time  the  declination  of  the  ann  is  15° 
la'  37". 

For  the  sacoesaiTe  hours  of  the  day  we  hare  only  to  add  the 
hourly  difference  in  declination,  55''  (the  sou  at  that  time  having  a 
motion  northward  from  the  equator). 

473.  Refraction.  Tables  of  refraction  have  been  calculated, 
giving  the  amount  of  refraction  for  different  altitndea  from  the 
horizon.  These  tables,  however,  give  the  refraction  in  a  vertical 
plane,  and  are  not  directly  applicable  for  use  as  a  correction  in 
declination.  It  is  evident  that,  in  revolving  the  declination-aro 
around  the  polar  axis,  the  declination-arc  will  not  lie  in  the  plane 
of  a  vertical  circle,  except  when  it  is  placed  in  the  plane  of  the  me- 
ridian. The  correction  for  refraction,  to  be  set  off  on  the  decliiuk- 
tion-arc,  will  not,  therefore,  be  equal  to  the  refraction  given  in  the 
tables  except  at  noon. 

The  proper  correction  for  refraction  to  be  set  off  on  the  decli- 
nation-arc varies  with  the  latitude,  declination  of  the  sun,  and 
hour-angle  of  the  snn. 

From  Chanvenet's  "Astronomy,"  Art.  120,  we  have: 
Befraction  in  declination  =  if  .  tan.  2  .  coa.  g. 

The  value  of  i^  may  be  taken  from  Table  II,  Chauvenefs  "As- 
tronomy." Ita  mean  value  is  about  67",  and  this  may  be  employed 
when  very  precise  results  are  not  required. 

z  Is  the  zenith  distance,  and  q  the  piirallnctic  an^e. 

From  Art.  15,  Cbauveuet's  "  Astronnmy."  we  have: 
tan.  «  .  COB.  ?  =  cot  (S  +  N), 
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in  which  S  =;  declination  of  the  snn,  and  N  is  an  auxiliary  qnan- 
tit;.  Tan.  N  eqaala  cot  ^  .  cos.  t,  in  which  ^  is  the  ktitade  of 
the  phuie,  and  t  the  hoar-angle  of  the  snn. 

The  tables  of  Befraotion  in  Declination  *  are  oalonlated  by  the 
■bore  formnlas. 

In  the  tables  the  hoar-angle  denotes  the  distance  of  the  snn 
from  the  meridian  in  hours.  Thns,  at  7  o'clock  a.  m.  the  value  of 
the  honr-angle  is  fire  hours.  The  north  declinations  are  indicated 
by  +  and  the  soath  declinations  by  — . 

When  the  snn  is  in  north  decimation,  the  refraction  In  declina- 
tion given  by  the  tables  is  additive.  When  the  Bun  is  in  south 
declination,  it  is  snbtractive. 

Ko  tables  of  refraction  can  be  relied  npon  for  altitndea  of  leai 
than  Qve  degrees. 

To  ose  the  tables,  suppose  the  declination,  corrected  for  re- 
traction, be  reqaired  for  each  hour  of  the  day.  May  1,  1885,  at 
Schenectady,  New  York. 

By  Art  473  we  fonnd  that  the  declination  at  7  o'clock  in  the 
morning  was  15°  \%'  37".  The  latitude  of  Schenectady  is  43°  i,V. 
(Take  tabaUr  values  for  42°  80'.) 

In  the  tables  we  find  that  the  refraction  in  declination  for  lati* 
tude  13°  Sf/,  when  the  sun's  declination  is  15",  and  honr-angle  5 
hours,  is  1'  36".  Adding  this  to  16°  1%'  37",  we  have  15°  14'  to  be 
set  off  on  (he  declination-arc 

471  To  determine  the  Latitude.  Set  off  on  the  declination-ara 
the  declination  of  the  sun  at  noon  on  the  given  day  (corrected  for 
refraction). 

A  few  minntee  before  noon,  set  up  and  level  the  instmment,  set 
the  declination-aro  at  13  o'clock  on  the  hour-arc,  and  tarn  the  in- 
strnment  horizontally  until  the  declination -arm  is  directed  toward 
the  son.  Move  the  latitude-aro  vertically  so  as  to  bring  the  snn's 
image  between  the  equatorial  lines.  As  the  snn  moves  toward  the 
meridian,  tnm  the  instrument  horizontally  so  aa  to  keep  the  image 
between  the  hour-lines,  and  move  the  latitude-aro  so  as  to  keep  the 

"  TIUM  UblM  wtr*  oalonlated  b?  Edward  W.  Aimi,  a  S.,  fM  W.  *  U  K 
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image  between  the  equatorial  lines.  So  long  as  the  snn  is  aBoend- 
ing,  the  image  will  move  downward  on  the  plate.  When  the  san 
has  passed  the  meridian,  and  begins  to  descend,  the  image  will 
moTS  upward.  When  the  image  begins  to  move  upward,  the 
reading  on  the  latitade-aro  will  give  the  latitude  of  the  place. 

475.  To  determine  the  "Heridian,"  oi  true  XTortli  and  South 
Line.  Set  off  on  the  latitude-arc  the  latitude  of  the  place,  and  on 
the  declination- arc  the  declination  of  the  sun  at  the  time,  corrected 
for  refraction.  Lerel  the  instrument,  clamp  the  horizontal  plates 
at  zero,  turn  the  latitude-arc  approximately  south,  and  direct  the 
declination-arm  toward  the  sun.  Then  with  one  band  torn  the 
instrument  horizontally,  and  with  the  other  revolve  the  declination- 
arm  on  the  polar  axis,  until  the  image  of  the  sun  is  brought  between 
the  equatorial  lines.     The  sights  will  then  point  north  and  south. 

476.  Bniuiiiig  Lines.  The  meridian  being  given  by  the  solar 
GompasB,  it  can  be  used  for  determining  the  bearing  of  lines  in  the 
same  way  as  an  ordinary  compass,  but  with  greater  precision,  as 
the  meridian  is  more  accurately  determined,  and  the  angles  are 
read  by  the  vernier  to  single  minutes. 

477.  Use  of  the  Ifagnetio  Needle.  Since  the  solar  compass  gives 
the  true  meridian,  and  the  magnetic  needle  the  "  magnetic  merid- 
ian," the  declination  of  the  magnetic  needle  can  be  read  off  directly 
from  the  magnetic  needle.  If  the  needle  be  kept  at  zero  of  the 
compass-bos  arc,  by  turning  the  box  with  its  tangent-screw,  the 
declination  of  the  needle  can  be  read  to  minutes  on  the  arc  which 
shows  the  movement  of  the  compass-box. 

By  constantly  noting  the  declination  of  the  needle,  or  by  mov- 
ing the  needle-box  so  as  to  keep  the  needle  reading  zero,  lines  may 
be  run  by  the  needle,  while  the  sun  is  obscured,  or  at  such  times  as 
for  any  reason  the  solar  apparatus  is  not  reliable,  as  when  the  sun 
is  near  the  horizon  or  the  meridian. 

478.  Solar  Attachment.*  The  solar  apparatus  may  be  attached 
to  a  transit,  as  shown  in  Pig.  342. 

'  This  attachment,  shoim  in  Ilg.  S4S,  ts  manufBCtured  b^  W.  A  U  E.  Onriaf, 
Troy,  Sew  To*. 
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The  "polar  axia"  of  the  solar  apparatus  is  attached  to  the  hori- 
zontal axis  of  the  telescope,  and  projects  npwanl.  The  "  houiv 
circle"  ib  tbe  small  graduated  circle,  shown  above  the  telescope. 


En^DMr'g  TruDSil,  wilh  Solar  Altaehmftnt. 

On  the  "  polar  siia  "  rests  the  frame,  which  carries  the  declina- 
tion-arc," and  the  "arm  "  with  its  slow-motion  attachments,  "eolar 
lenaes,"  sud  "eqnatorial  linos,"  as  before  described. 
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The  Terttcal  circle,  or  arc,  of  the  transit,  is  used  tor  a  "  lati- 
tade^rc." 


479.  The  first,  Becond,  and  third  adjastments  are  Bimilar  to 
those  of  the  solar  compass,  already  explained. 

480.  To  adjust  the  Polar  Azii.  Level  the  instnimeDt  carefully, 
and  then  level  the  telescope  by  means  of  the  level  attached  to  it 
Set  the  arm  of  the  declination-arc  at  zero,  and  bring  it  parallel  to 
the  telescope.     Place  an  adjusting  level,  shown  in  Fig.  343,  on  the 


«^B^ 


rectangular  blocks  attached  to  the  declination -arm.  If  the  babble 
remains  in  the  center,  the  polar  axis  needs  no  adjustment  in  the 
place  of  the  axis  of  the  telescope.  If  not,  bring  the  bubble  to  the 
center  by  means  of  the  two  capstan-head  screws  under  the  hour- 
circle,  and  in  line  with  the  telescope.  Then  turn  the  declination- 
arm  on  the  polar  axis  until  it  is  parallel  to  the  telescope  axis,  and 
at  right  angles  to  its  former  position.  If  the  bubble  now  remains 
in  the  center,  no  adjustment  is  necessary.  If  not,  bring  the  bubble 
to  the  center  by  means  of  the  pair  of  capstan-head  screws  under  the 
hour-circle  and  iu  line  with  the  telescope  axis.  Verify,  and  repeat 
the  above  operations  until  the  bubble  of  the  adjusting  level  will 
remain  in  the  center  while  the  declination-arm  is  revolved  horizon- 
tally on  the  polar  axis. 

481  To  a4fait  the  Hour-Arc  When  the  telescope  is  in  the 
plane  of  the  meridian,  the  index  of  the  hour-circle  should  give  ap- 
parent Bolar  time — that  is,  mean  solar  time  ±  the  equation  of  time. 
If  the  index  does  cot  point  to  the  proper  division,  it  can  be  made 
to  do  BO  by  loosening  the  screws  on  the  top  of  the  hoar-circle,  and 
tonung  it  until  the  correct  time  n  indicated  by  the  index. 
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TrsDsit,  witli  Solar  Atuchmeot. 
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483.  The  method  of  UBiag  the  solar  apparatus  on  the  transit  is 
BO  nearly  the  same  as  that  on  the  compass,  already  given,  that  no 
separate  directioDB  will  be  necessary. 

483.  Fig.  344  represents  a  transit  with  another  form  of  solar 
attachment*  It  consistB  essentially  of  a  small  telescope  and  IsTe], 
the  telescope  being  mounted  in  standards,  in  which  it  can  be  ele- 
vated or  depressed.  The  standard  revolTes  around  an  axis,  called 
the  polar  axis,  which  is  fastened  to  the  telescope  axis  of  the  transit 
instrument  The  telescope,  called  the  "  solar  telescope,"  can  thns 
be  moTed  in  altitude  and  azimuth.  It  is  provided  with  shade- 
glasses  to  subdue  the  glare  of  the  sun,  as  well  as  a  prism  to  observe 
with  greater  ease  when  the  declination  is  far  north.  Two  pointers 
attached  to  the  telescope  to  approximately  set  the  inBtrumeot  are 
BO  adjusted  that  when  the  shadow  of  the  one  is  thrown  on  the  other 
the  son  will  appear  in  the  field  of  view. 

Aimrmun  or  tsi  ArrikAtvs. 

1.  The  transit  must  be  in  perfect  adjustment,  especially  the 
levels  on  the  telescope  and  the  plates ;  the  cross  axis  of  the  tele- 
scope should  be  exactly  horizontal,  and  the  index  error  of  the  ver- 
tical circle  carefully  determined. 

%.  The  polar  axis  must  be  at  right  angles  to  the  line  aj  collima- 
tion  and  horizontal  axis  of  main  telescope. 

To  effect  this,  level  the  instrument  carefully  and  bring  the 
bubble  of  each  telescope  level  to  the  middle  of  its  scale.  Revolve 
the  solar  around  its  polar  axis,  and  if  the  bubble  remains  central 
the  adjustment  is  complete.  If  not,  correct  half  the  movement  by 
the  adjDBting  screws  at  the  base  of  the  polar  axis,  and  the  other 
half  by  moving  the  solar  telescope  on  its  horizontal  axis. 

3.  The  line  of  colUmation  of  the  solar  telescope  and  the  axis 
of  its  level  must  be  parallel. 

To  effect  this  bring  both  telescopes  in  the  same  vertical  plane 
and  both  bubbles  to  the  middle  of  their  scales  Observe  a  mark 
through  the  transit  telescope,  and  note  whether  the  solar  telescope 

•  Invented  uid  m«nuf«ctared  by  G.  N.  EtttegmQUer,  WMbington,  D.  C,  from  wbaat 
cUtXogae  the  dcacription  ia  Uken. 
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points  to  a  mark  above  this,  equal  to  the  distuDce  between  the  hori- 
zontal axes  of  the  two  telescopes.  If  it  does  not  bisect  this  mark, 
move  the  cross-wires  by  means  of  the  screws  until  it  does.  Gen- 
erally the  small  level  has  no  adjustments  and  the  parallelism  is 
effected  only  by  moving  the  cross-hairs. 

The  adjustments  of  the  transit  and  the  solar  shoald  be  fre- 
quently examined,  and  kept  as  nearly  perfect  as  possible. 

DmonoHB  MB  duko  tax  AniomraMT. 

First.  Take  the  declination  of  the  sun  as  given  in  the  "  Nauti- 
cal Almanac  "  for  the  given  day,  and  correct  it  for  refraction  and 
hourly  change.  Incline  the  transit  telescope  until  this  amount  is 
indicated  by  its  vertical  arc.  If  the  declination  of  the  sun  is  north, 
depress  it ;  if  south,  elevate  it.  Without  disturbing  the  position  of 
the  transit  telescope,  bring  the  solar  telescope  into  the  vertical 
plane  of  the  large  telescope  and  to-  a  horizontal  position  by  means 
of  its  level.  The  two  telescopes  will  then  form  an  angle  which 
equips  the  amoant  of  the  declination,  and  the  inclination  of  the 
solar  telescope  to  its  polar  axis  will  be  equal  to  the  polar  distance 
of  the  sun. 

Second.  Without  disturbing  the  relative  positions  of  the  two 
telescopes,  incline  them  and  set  the  vernier  to  the  co-latitude  of  the 
place. 

By  moving  the  transit  and  the  "Solar  Attachment"  aronnd 
their  respective  vertical  axes,  the  image  of  the  sun  will  be  brought 
into  the  field  of  the  solar  telescope,  and  after  accurately  bisecting 
it  the  transit  telescope  must  be  in  the  meridian,  and  the  compass- 
needle  indicates  its  deviation  at  that  place. 

483'.  A  series  of  observations  were  made  for  the  Ohio  Society 
of  Surveyors  and  Civil  Engineers,  by  Prof.  C,  S.  Howe  and  Mr. 
J.  B.  Davis,  to  detenniue  the  accuracy  attainable  with  solar  attach- 
ments. The  instruments  need  were  Gnrley's,  SaegmQller's,  and 
BuS  &  Berger's.     In  their  report  they  say : 

"  It  soon  became  evident  that  to  secure  the  best  results,  instru- 
ments must  not  only  be  carefully  adjusted,  but  must  also  be  fre- 
quently tested  on  a  known  meridian  line. 
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"  Errors  of  one  minute,  or  even  one  minote  and  a  half,  either 
way,  are  not  infrequent,  and  any  single  observation  would  be  un- 
certain to  this  extent;  but  the  mean  of  twenty  or  more  observations 
ought  to  be  within  less  than  half  a  minute." 

For  full  details  of  the  obserrations  see  "  Transactions  of  the 
Ohio  Society  of  Surveyors  and  Civil  Engineers,"  1895. 

To  looAta  a  ParttllBl  ot  Lntitude. 

484.  If  a  line  be  mn  on  the  surface  of  the  earth,  having  all  of 
its  points  in  the  same  vertical  plane,  as  they  will  be  when  lined  in 
by  a  properly  adjusted  transit,  the  line  will  be  a  great  circle  of  the 
earth,  and  can  not  coincide  with  a  parallel  of  latitude. 

Points  on  a  parallel  of  latitude  are  usually  determined  by  offsets 
from  a  great  circle.  The  following  are  some  of  the  methods  em- 
ployed : 

486.  Br  Ofiets  fttun  a  Tangent.    In  Fig.  346,  let  P  be  the  pole 
of  the  earth,  P  A  and  P  B  the  meridians, 
Fio.  MB.  and  A  B  the  desired  parallel. 

If  from  A  a  line  be  run  perpendicnlar  to 
the  meridian  A  P,  it  is  evident  that,  owing 
to  the  convergence  of  the  meridians,  the  per- 
pendicular will  not  coincide  with  the  parallel 
of  latitude  through  A.     In  north  latitudes, 
as  in  the  United  States,  the  perpendicular, 
AC,  will  run  to  the  south  of  the  parallel, 
AB. 
To  find  the  distance  C  B,  when  the  latitude  of  the  starting- 
point  A,  and  the  distance  A  G  are  known. 
In  the  triangle  P  A  C,  right-angled  at  A : 
COB.  P C  =  COS.  A P  X  COS.  AC. 

BC  =  PC-PB,  andAP  =  BP  =  co-latitude. 

.-.  COS.  PC  =  sin.  latitude  X  COS.  AC fl-] 

A  C,  being  a  measured  distance  on  an  arc  of  a  great  circle,  must 
be  reduced  to  the  corresponding  angle. 

,      ,     .               ...         length  of  arc  X  3437-7468 
Angle  of  any  arc  m  minutes  =  — ~ ~-jj — — • 
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(3437-7468  =  57-29578  X  60).     Art.  380. 

Treating  the  earth  as  a  sphere,  this  becomes : 

.,,..,         ,        u    ,        3437-7468 
Angle  of  are  m  mmates  =  length  of  arc  q^-,. 

Log.  are  in  minutes  =  log.  length  — 3-7941301     ...     [8.] 

Then  use  the  value  obtained  by  £3]  in  formula  [1], 

B  0  is  found  as  an  angle.     To  reduce  it  to  feet,  we  hare : 

T      _<^..   ■    *    1      angle  in  minutes  X  radius 
Length  .n  feel  =  -6 jjjj.^jjg ■ 

r      _<^i.   ■    .    .      angle  in  seconds  X  radina 
Length  in  feet  =  -i-^^g-^g^^^-g . 

Log.  length  in  feet  =  log.  angle  in  seconds +  2-0069789   .    .    [3.] 

Othervnse.     Find  the  length  of  an   arc  subtending  one 
aecond  at  the  center. 

3  «-X  20912406  _,oi.aftBf«t. 

36d~X~60  X  60"  -  ^^^  ^^*  '^* ' 

i  e. ,  101  -386  feet  subtends  an  angle  of  one  second  at  the  center  of  the 

earth.    Then,  angle  in  seconds  =  — 777,  „„- — -,  and  distance  = 
101  -ootf 

angle  in  seconds  X  101-386 [4.] 

Approximately, 
B  0  in  seconds  =  }  F*  (in  Beoonda)  X  sin.  2  P  A  X  sin.  1'.     .     [5.] 

TofindP.         tan.P  =  ^?^^. 
suL  AF 

EiaimpU.     liititnde  4fi°  north,  and  distance  6  miles,  i»- 
qoiied  the  offset  B  0. 

6  miles  =  31680  feet^ 

By  [S]  log.  31680  =  4-5007853 

-3-7841301 

log.  5' -207808=    -7166561 

6'-207808=    5'12"-468 

By  [1]  log.  sin.  45°  =  9-8494850 

log.  COS.  6'  12"-468  =  9-9999995 

U^.  COS.  PO  =  log.  cos.  45°  0'  0"-837  =  9^8494846 

.',  BC  =  0"-237 
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To  redace  to  feet  by  [3],    log.  0"-237  =  1-3747483 
+  8-0059789 
log.  B  C  in  feet  =  log.  24-029  feet  =  1  -3807373 
Second  Method: 

^  lor-386  " 
Then,  aa  above,  we  find  B  C  =  0''337  of  arc 

B  0  in  feet  =  0'-237  X  101  -386  =  24-0289  feet 
Approximate  Method: 
Solving  by  formnla  [5],  we  find  BO  =  24-3  feet. 

486.  Spheroidal  PormnU  The  preceding  methoda  suppose  the 
earth  to  be  a  sphere.  Treating  it  as  a  spheroid,  the  following  for- 
mula is  without  material  error  for  distancea  within  100  miles  ■ 

CB  =  tA»tan.L<^-t^"'"-'^I* 
*  a 

k  =  distance  in  feet,  L  =  latitude  of  initial  point. 

a  eqnatorial  radius  =  20926062  feet. 


Latitude  45°  N.     Distance  6  miles, 
log.  e*  =     3-8244104 


log.  Bin.'  46"  = 

1  9-8494850 
1  9-84948S0 

log.  -0033371  = 

3-S233804 

1  -  0033371  = 

-9966628 

llog.  0'9»e662S  = 

1-9992741  =  log. 

log.l  = 

1-6989700 

log.  f  = 

I  4-5007843 
1  4-50078Sa 

log.  tan.  45  = 

10- 

log.  numerator  =: 

1-9992741 

8-6998146 

log.a  = 

7-3306876 

kg.  23-&41  feet  = 

1-3791370 

487.  Instead  of  making  the  great  circle  tangent  at  the  starting- 
point,  it  may  be  run  so  as  to  be  tangent  at  the  three-mile  point  of 


^dbvGoO^^k' 


A  PARALLEL    OF  LA  TITUDE. 


AZnttTTHH  OP  THE  TANGENT  TO  1 


B  FAlULLBt^ 


B-9HB  m  29-981 


a  58  66-0 
S  66  S2-5 


)  88  18 -7189 
)  68  14-8  89 
(  68  10-8  89 


57  59-B) 
57  55-Ot 
57  50-0( 
57  44-9  89  5 
B7  88-789  6 
67  34-4 8g  B 


3  67  39-989  58  6&-8 

9  57  28-8189  96  62  6 

)  57  17-Bi89  56  45-0 

B  66  87-4 

9  56  29-6 

9  60  21-6 


>  69  22-3 
9  69  20-8 
9  59  19  4 
9  59  17-B 
9  59  16-4 
9  S9  14-8 
»  69  13-2 
9  59  11-5 
9  69  09-8 


58  06-889  57  28-fl  S9  56  51-189  5 
58  02'589  57  28-889  66  44-1H9  6 
B-8|89  67  58-289  57  17-580  56  86-S89  5 


B-H|89  57  44'4»9  56  5 

»  57  89-689  56  5 

9  57  34-fi'89  56  4 

»  57  39-589  56  8 

»  57  24-l'89  56  3 

9  57  18-6  89  56  2 

9  57  12-989  S6  I 


9  96  06-089  5 
9  55  57-7  89  5 
9  95  49-1.89  5 
g  59  40-2  89 
a  55  81-089 
B  55  21-489 


9  58  04-6 
9  58  00-5 
9  57  56-2 


)  57  06-9'8B 
)  57  00-789 
)  56  64-3,89 


56  09-2  89  6 
66  00-0  8B  9 
55  62-6  89  B 


54  48-S 

54  87-3 

54  25-7 

9  54  18-8 

9  64  01-4 

9  58  48-6 


■8 
3 
6 

89  55  59 
89  65  60 
89  59  40 

6189  65  29 
■5  SB  59  19 
2  89  65  08 

6 

8 
7 

89  54  97 
89  54  46 
89  54  S5 

4 

7 
7 

88  64  28 

89  54  11 
89  68  66 

4 
8 

7 

89  68  46 
69  58  82 

89  S8  18 

a 

4 
0 

69  58  04 
89  52  49 
89  52  S4 

1 

1 

89  52  18 
89  53  01 
89  51  44 

■889  59  29-8  81 
■0'89  69  18  8  81 
59  07-6  81 
64  58-1 
889  54  82-3 
889  64  30-061 
689  64  07-4 8( 
i:89  53  54-6  81 


94  69-7 
54  47-8 
54  85-1 


9  94  29' 
9  54  16- 
9  54  02' 
9  58  48-B 
9  98  S4-2 
9  58  19-5 


B  51  20-4 
B  51  01-9 
B  50  43-9 


9  51  20-7:89  50  2 


9  49  47' 
3  49  29 


:  59-7 

:  46-1 

S89  58  80-1 

I  63  14-8 

t  53  99-1 

9  62  48-1 


B  61  84-9 
B  51  16-6 

B  50  67-8 


4'8g  49  86-4' 

1  88  48  14-3' 

2  89  48  51-4 
3'89  48  27-6 
6,89  48  03-8 
0,80  47  87-1 
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OFFSETS.  IN  FEET,  FBOH  TANOENT  TO  PA&AIXEL. 


Lit. 

imlle. 

Emllea. 

Smiles. 

ImUo. 

Gmllea. 

t,^ 

81° 

0-88 
0-40 
0-43 

1-60 
1-67 

8^7 
3-61 
8-7« 

'A7 

e-43 

6-67 

9*64 
10-03 
10-43 

18^88 
14-44 
1603 

88° 
84° 

8fi° 

0-43 
046 
0-47 

1-78 
1-SO 
1-B7 

8-90 
4-06 
4-20 

6-93 
7-80 
7-47 

10-82 
n-36 
11-68 

15-80 
16-80 

16-81 

B6" 
88' 

0-48 
0-SO 
0-62 

I'M 
2-01 
208 

4-30 
4-58 
4-69 

7' 76 
e-04 

13  11 
12-57 
18-02 

17-44 
18-09 
18-76 

88' 
41° 

0-54 
0-56 
0-68 

218 
3-34 
2-82 

4 '88 
503 
5'21 

8-68 
8'06 
S'27 

13-49 
13-98 

14-48 

19-43 
20-11 
30-B5 

43° 
48° 

44° 

0-60 

o-« 

0-64 

3-40 

2-48 
2-57 

5-40 

e-5s 

6-79 

9-69 
9'93 
10-20 

1499 
15'52 

1807 

21-59 
23-35 
88- 14 

46° 
46° 

0-67 
0-69 
0-71 

366 
2  76 
3-66 

6-99 
6-20 
0-42 

1085 

11-03 
11-41 

16-64 
17-31 
17-83 

28-96 
84-80 
2S-68 

«° 
48° 
00° 

0-74 
0-76 
0-79 

2-96 
806 
8-17 

6-S5 
6-88 
718 

13-84 

13-68 

18-47 
19-13 
19-80 

86-69 
37  64 
38-53 

lat. 

7inIteB. 

amita. 

Smllm. 

10  miles. 

II  mile*. 

UmlleB. 

80- 

81° 
83° 
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the  towDship  lice.  This  wilt  require  shorter  offsets.  The  azimuths 
and  offsets  in  any  case  may  be  taken  from  the  tables  of  azimntbs 
and  offsets  from  tangents,  noting  that  for  a  township  the  great  circle 
rans  three  miles  each  way  from  the  point  of  tangenoy.  Unppose  it 
is  required  to  run  each  a  tangent  to  the  45°  parallel.  From  the 
tables  we  find  the  azimuth  (or  the  three-mile  point  is  89"  57'  241", 
and  the  offset  5-99  feet.  Then  determine  a  point  on  the  meridian 
through  A  and  5-99  feet  south.  From  this  point  ran  a  line  having 
an  azimuth  of  89°  57'  24-1",  and  it  will  be  tangent  to  the  latitude 
are  at  the  tbree-mile  point  All  required  azimuths  and  offsets  are 
given  in  the  table. 

The  azimuth  or  bearing  of  the  tangent  at  successive  mile  points 
will  be  taken  from  the  table  to  the  nearest  whole  minute  only,  exc&pt 
when  tesi  sigklt  are  taken.  The  offsets  at  intervals  of  one  mile  are 
inserted  in  the  table ;  to  obtain  the  length  of  offsets  at  the  half-mile 
points,  take  one  fourth  of  the  offset  corroeponding  to  twice  the  dis- 
tance of  the  half-mile  point  from  the  tangential  point 

Example.  B«quired  the  offset  at  5)  miles,  in  latitude  45°  345'. 
The  offset  at  11  miles  (interpolated  for  the  given  latitude)  is  8216 
feet,  which  divided  by  4  gives  2054  feet,  the  offset  required.  The 
tablee  are  extended  to  13  miles,  in  order  to  provide  necessary  data; 
but  the  tangent  will  be  limited  to  six  miles. 

488.  By  Ofbets  from  a  "Seoant." — Instead  of  mnning  the  great 
circle  so  as  to  be  tangent  to  the  latitude  arc  it  may  be  run  so  as  to 
intersect  it  at  given  points,  as,  for  example,  at  the  beginning  and 
end  of  the  six-mile  arc,  or  at  the  one-mile  and  the  five-mile  pointa. 
In  this  last  case  the  line  run  out  keeps  nearer  the  latitude  arc  than 
in  any  of  the  other  methods,  so  that  the  offsets 
^-  ;"'■         ■  ne  .horter. 

The  method  consists  in  running  a  great 
circle  for  six  miles  (the  width  of  a  township), 
the  starting-point  and  the  original  bearing  be- 
ing such  that  the  line  run  will  intersect  the 
parallel  at  pointo  one  mile  and  five  miles  from 
the  starting-point  For  example,  suppose  it  is  desired  to  determine 
points  on  the  45°  parallel,  represented  by  A  B  Fig.  354',  B  being  six 
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miles  from  A.  Ad  arc  of  a  great  circle  is  run  from  G  to  F,  cutting 
the  parallel  at  D  and  E,  D  being  one  mile  and  E  five  miles  from  C. 
For  GonTeuienoe  the  Hue  CF  is  called  e.^'-secant"  The  distance 
of  the  secant  from  the  latitude  arc  at  any  point  maj  be  calculated 
by  the  methods  employed  in  Art.  484. 

The  table  *  (page  341)  gives  angles  and  oflsetB  from  a  secant  to 
a  parallel  of  latitude. 

The  true  bearing  of  the  secant  at  each  mile  and  half-mile  point 
will  be  expressed  by  the  tabular  azimuth  preceded  by  the  initial 
meridional  letter  N,  when  the  distance  argument  is  found  at  the 
top  of  the  table ;  bat  when  this  argument  is  found  at  the  bottom  of 
the  table  the  meridional  letter  S  will  be  placed  before  the  azimuth ; 
while  the  departure  letter  E  or  W  will  be  made  to  agree  with  the 
direction  of  the  surrey,  east  or  west,  as  the  case  may  require. 

The  directioD  of  the  offsets  from  the  secant  to  the  parallel  is  in- 
dicated by  the  letter  N  or  S  following  the  offsets. 

Examples.  Standard  parallel  run  west,  latitude  48°  N'. ;  distance 
from  initial  point  of  secant  3  miles.  The  bearing  is  N.  89°  59'  W., 
and  the  offset  is  3-22  feet  8.  .At  5^  miles  the  bearing  is  S.  89"  57' 
W.,  and  the  offset  is  l'C6  feet  N. 

The  bearing  is  taken  to  the  nearest  minute. 

The  offsets  for  minutes  of  latitudes  may  be  determined  by  in- 
terpolating by  simple  proportion. 

469.  Lsngtb  of  Farallds.  The  radius  of  any  parallel  of  latitude 
equals  the  radius  at  the  equator  multiplied  by  the  cos.  latitude. 

Then  length  in  feet  of  1°  =   -^  .  radius  in  feet  X  cos.  latitude. 
Then  length  in  feet  of  1°  =  j^  X  20912405  X  cos.  latitude. 

log.  length  in  feet  of  1"  =  log.  coa.  latitude  -|-  5-5623814. 
Example.    To  find  the  length  of  a  degree  on  the  45'  parallel, 
log.  COS.  45  =  9-8494855. 
5-5622814 


log.  258087  =  5-4117669. 

"  iDStructiotiB  "  isBued  by  the  Oeneral  Land  Office. 
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OF  THE  SECANT,  AND  OFFSETS,  IS  FEBT,  TO  1 
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Conversely.  The  angle,  id  minutes,  snbteiided  by  any  arc  = 
length  of  arc  X  3437-7468 

radius  X  cos.  latitude 
log.  angle  in  minateB  =  log.  arc  in  feet  —  3  '7841301  —  oos.  latitude. 
Example.    Latitude  45°  N.  and  distance  6  miles, 
log.  31680  =  4-5007852 
-  3-7841301 
■7166561 
oo-log.  COS.  45"  =    -1505150 
log.  r21'-897         -8671701 

490.  The  difference  of  lengths  of  any  tvo  parallels  is  c^ed  the 
oonvergeuce  of  the  meridians  between  those  parallels.  This  may 
be  obtained  more  easily,  since  the  distances  between  the  meridians 
are  as  the  cosines  of  the  latitudes. 

Example.  Two  "range-lines"  (meridians)  are  6  miles  (480 
chains)  apart  on  the  base-line  of  46°. 

Required  their  convergence  at  47°  north. 

\.  iT  _ 

480  -  471  -353  =  8  chains  74-8  links. 
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CHAPTER  VIII. 

RESUR  VETS. 

491.  Introdnotlon.  Id  making  a  resDrve;  of  a  piece  of  ground 
the  problem  uaaallj  presented  ia  to  make  the  description  of  a  par- 
cel of  ground  given  in  a  deed  or  lot  description  agree  vith  the 
boundaries  of  the  same  parcel  indicated  on  the  ground. 

Where  the  original  survey  was  properly  made,  and  the  monn- 
menta  of  the  original  survey  remain,  the  problem  ia  an  easy  one. 
But  if,  as  ia  frequently  the  oase,  the  original  emrvey  was  inaccurate, 
and  even  erroneous,  and  all,  or  many,  of  the  comers  and  line-marka 
spoken  of  in  the  deed  have  disappeared,  the  problem  becomes  very 
perplexing. 

As  a  rule,  in  the  older  States  the  original  farm  surveys  were  not 
very  carefully  made,  and  few  permanent  monuments  were  set. 
Stakes  driven  in  the  ground  were  the  usual  corner  and  line  marks, 
and  these  soon  disappeared. 

One  of  the  principal  difficulties  in  resarveying  arises  from  the 
fact  that  many  of  the  old  surveyors  did  not  understand  the  declina- 
tion of  the  magnetic  needle,  and  therefore  either  took  no  account 
of  it  or  did  not  make  the  proper  correction.  If  some  of  the  original 
monuments  remain,  such  errors  can  be  at  once  detected  and  cor- 
rected, bat  if  none  of  the  original  monuments  remain  the  question 
of  determining  the  proper  bearings  is  a  difficult  one  to  aolve. 

In  the  newer  States,  where  the  original  surveys  were  made  by 
the  United  States  Government  on  lines  mnning  north  and  south 
and  east  and  west,  the  difficulties  are  not  so  great,  but  are  still  con- 
siderable. The  proper  direction  of  the  lines  is  known,  and  more 
marks  and  monuments  are  to  be  found,  but  the  inaccuracies  of  the 
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original  vork  and  tbe  disappearance  of  corner-marke  make  the  de- 
termination of  sectioa-liues  and  subdiviaions  anything  but  simple. 

493.  Standaidi  of  Heuniviiieiit  Another  source  of  trouble  in 
resurreys  arises  from  the  fact  that  the  instruments  tor  measuring 
distances  used  by  some  of  the  old  surveyors  were  inaccurate,  and 
there  were  no  Government  standards  of  measurement  The  first 
standard  of  length  in  the  United  States  having  any  official  sanction 
was  the  standard  yard,  legalized  by  the  British  Parliament  in  1855, 
a  copy  of  which  was  sent  to  the  United  States  Office  of  Weights  and 
Measures.  The  metrio  system  of  weights  and  measures  was  legal- 
ized by  the  United  States  Oovemment  in  1866.  In  1875  seventeen 
governments,  including  that  of  the  United  States,  united  in  form- 
ing an  International  Bureau  of  Weights  and  Measures,  Uie  object 
being  to  prepare  and  distribute  standards  of  weights  and  measures. 

The  copies  have  been  distributed,  and  the  standard  set«  for  the 
United  States  were  unsealed  in  Washington  Jan.  2,  1898.  This 
gives  us  available  standards  in  both  systems.  Any  one  can  have  his 
measuring-tape  compared  with  the  Government  standard  at  Wash* 
ington  by  applying  to  the  Bureau  of  Weights  and  Measures  and 
paying  a  small  fee. 

The  United  States  Government  has  placed  duplicates  of  the 
standards  of  weights  and  measures  in  all  of  the  States,  so  that  steps 
have  been  takeu  toward  the  proper  distribution  of  the  standards. 
One  step  further  is  needed.  The  standards  should  be  bo  distributed 
as  to  be  readily  available  for  all.  In  every  town  of  any  considerable 
size,  and  in  at  least  one  town  in  every  connty,  there  should  be  a  true 
meridian,  plainly  and  permanently  marked,  as  a  standard  for  bear- 
ings or  azimuths;  and  standards  of  measurements  should  be  bo 
placed  that  not  only  engineers  and  surveyors  might  test  their  meas- 
uring instniments,  but  that  any  one  who  needs  to  nee  a  tape-line 
can  test  it  and  know  whether  it  is  correct  or  not. 

In  comparing  a  tape  with  the  standard  it  should  be  tested  under 
the  same  conditions  in  which  tt  is  to  be  used — that  is,  it  should  be 
supported  at  points  the  same  distance  apart,  and  under  the  same 
tension  as  it  will  be  when  in  use.  This  will  avoid  the  necessity  of 
computing  the  oorrectionB  for  sag,  elongation  from  puU,  et«.    The 
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temperature  at  which  the  test  is  made  should  also  be  noted,  bo  that 
the  proper  correction  for  temperature  may  be  applied.  Steel  tapes 
expand  from  0-000005  to  0000007  of  their  length  for  every  degree 
Fahr.  of  rise  in  temperature.  On  accurate  measurement  with  a 
steel  tape,  see  Chapter  X,  Part  II. 

In  making  a  resnrvey  where  there  is  considerable  nncertainty,  as 
in  the  case  of  disputed  boundaries,  the  surveyor  baa  no  official  power 
to  decide  any  disputed  point.  He  can  only  act  as  an  expert,  and 
give  an  opinion  as  to  what  is  the  most  probable  solution  of  the  diffi- 
culties in  question.  If  the  interested  parties  do  not  agree  to  accept 
his  decision,  the  question  must  be  settled  in  the  courts. 

Many  of  the  questions  which  arise  in  such  cases  have  been  de- 
cided in  the  courts,  and  these  decisions  will  guide  the  surveyor  so 
far  as  they  cover  the  points  which  may  arise  in  his  practice. 

SOKE  BVIX8  OT  I.AW  QOVXBNIHa  BBSmTXTa 

BT  JUDaG  auOB  I.  CtLDWBU. 

493.  In  the  older  States  it  seems  to  have  been  the  practice  in 
making  surveys  to  run  the  lines  according  to  the  magnetic  meridian, 
and  not  according  to  the  true  meridian.  Where,  therefore,  there 
was  nothing  in  the  deed  or  patent  to  control  the  call  for  courses 
and  distances,  the  land  was  to  be  taken  as  bounded  by  the  courses 
and  distances  of  the  deed  or  patent  according  to  the  magnetic 
meridian. 

In  1796  Congress  passed  an  act  providing  for  the  sale  of  the 
lands  of  the  United  States  in  the  territory  northwest  of  the  river 
Ohio  and  above  the  month  of  the  Kentucky  River.  What  is 
known  as  the  rectangular  system  of  surveys  was  adopted.  This 
system  requires  that  the  meridian  lines  shall  be  run  on  the  true 
meridians. 

Section  2395  of  the  Rerised  Statutes  of  the  United  States  pro- 
vides that  "  the  public  lands  shall  be  divided  by  north  and  south 
lines  run  according  to  the  true  meridian,  and  by  others  crossing 
them  at  right  angles."  Where  this  system  was  adopted  there  can 
be  no  presumption  that  the  lines  of  a  snrvey  were  run  by  the  mag- 
netic  meridian. 
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Where  Description  ot  Ltutds  is  Inconsisteat  or  Vncortaia, 

1.  Parts  of  the  descriptioQ  which  are  most  certain  prevail. 
Where  there  are  two  conAictiDg  descriptionB  in  a  deed,  or  two  con* 
flicting  parts  of  the  same  description,  that  which  is  more  certain  and 
stable,  and  the  least  likel;  to  have  been  mistaken,  or  to  have  been 
inserted  inadvertentlj,  must  prevail  if  it  sufficientl;  identifies  ihe 
land.  This  rule  is  particnlarly  true  where  one  of  the  descriptions 
or  parts  of  the  description  is  expressed  in  certain  and  definite  terms, 
while  the  other  is  vaguely  and  uncertainly  stated  to  be  "  aboat "  a 
cert^n  distance,  or  the  like. 

%.  If  both  descriptions  are  equally  stable  and  certain,  that  which 
is  most  favorable  to  the  grantee  is  to  be  preferred. 

3.  Where  a  deed  contains  two  descriptions,  one  particular  and 
definite,  showing  the  location  and  bounds  of  the  land,  and  the  other 
general  in  its  terms,  and  they  conflict,  the  former  controls. 

4t.  Where  the  particular  description  is  in  any  degree  obscure  or 
uncertain,  the  general  description  may  be  resorted  to  for  the  por- 
poee  of  establishing  the  identity  of  the  premises,  and  items  of  the 
particular  description  which  do  not  harmonize  with  the  general 
description  may  be  rejected. 

Wherever  the  general  description  is  clear,  definite,  and  certain, 
the  particular  will  not  control  it,  especially  where  the  latter  is  uncer- 
tain in  some  of  its  terms. 

fi.  Where  there  is  uncertainty  the  prime  object  is  to  arrive  at 
the  intention  of  the  parties. 

6.  Where  the  general  description  refers  to  a  deed  or  other  instra- 
ment  which  gives  the  boundaries,  then  it  becomes  a  particular 
description. 

7.  A  description  which  sufficiently  identifies  the  land,  and  is  in 
accord  with  the  obvious  intention  of  the  parties,  will  not  be  vitiated 
by  the  insertion  of  erroneous  calls  for  monuments  or  other  particu- 
lars which  are  repugnant  to  that  description ;  such  error  will  be  re- 
jected as  "  false  demonstration,"  and  what  remains  will  pass  the  tract 

8.  An  exception  too  uncertain  and  indefinite  to  have  any  mean- 
ing may  be  dropped,  and  the  previous  description,  complete  in 
itself,  allowed  to  stand. 
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9.  No  part  of  a  description  is  to  be  rejected  nnleas  absolutely 
necessary  to  uphold  the  deed. 

10.  Where  there  are  several  particulars  giyen  in  a  couTeyaaoe, 
all  of  which  are  oecessarj  to  identify  the  premiseB,  nothing  will  pass 
vhich  does  not  satisfy  every  particular. 

Xonameats,  Courses,  and  Distances. 
1.  Monuments,  courses,  and  distances  are  only  witnesses  of  the 
intention  of  the  parties  to  the  deed,  and  as  such  that  which  is  most 
stable,  certain,  and  least  liable  to  be  mistaken  is  to  prevail  when 
they  do  not  agree.  Monuments  are  fixed  facts;  they  visibly  indi- 
cate the  extent  of  the  land  and  the  direction  of  the  boundaries, 
while  conrsea  and  distances  are  merely  descriptive  of  the  facts,  based 
upon  measurement,  estimatioD,  and  calculation,  and  hence  the  value 
of  each  as  a  witness  is  in  the  order  above  named,  and  amount  of 
land,  which  is  purely  calculation,  ia  the  most  nnreliable  of  all. 

3.  Monuments  prevail  over  the  plan  or  plat  of  the  survey  referred 
to  in  the  deed. 

8.  Monuments  established  or  marked  on  the  ground  and  reoi^- 
nized  for  twenty-one  years  or  more  as  designating  the  true  boundary, 
will  prevMl  over  a  description  of  the  original  laying  out  of  the  laud 
contained  in  the  original  proprietor's  records. 

4.  The  existence  of  marked  lines  obviates  a  mistake  in  the  plat, 
certificate  of  survey,  and  grant,  in  calling  "  west "  "  north,"  and  Qie 
like. 

6.  A  line  which  is  marked  part  of  the  way,  though  not  a  right 
line  from  comer  to  comer,  will  control  the  boundary,  and  snob 
boundary  for  the  residue  of  the  distance  will  be  a  direct  line  to  the 
comer  or  point  called  for. 

6.  Where  there  are  no  express  calls  to  fix  the  location  of  a  line 
with  certainty,  evidence  is  admissible  to  show  where  the  line  was 
mn,  and  it,  when  thus  established,  will  control  courses  and  distances 
laid  down  in  the  survey  and  deed. 

7.  Monuments  subsequently  erected  by  the  parties  to  a  con- 
veyance by  mutual  consent,  as  being  those  called  for  therein,  will 
control  specifications  of  quantity  and  courses  and  distances. 

8.  There  is  a  preference  among  monuments.     Natural  monn- 
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ments,  Bucli  as  rivers  and  the  like,  are  generally  of  a  more  perma- 
nent and  Dotorioue  character  than  artificial  moDQmoQta.  Hence, 
the  rule  that  natural  rather  than  artificial  monnnaentB  called  for 
in  a  deed  will  prevail  where  they  conflict 

9.  But  where  it  is  clear  that  the  artificial  moonmeBt  is  more 
reliable  than  the  natural  it  will  prevail. 

10.  Where  the  reason  on  which  the  above  rules  are  based  fails 
the  mle  fails,  hence  the  true  rule  can  be  determined  in  many  cases 
from  the  facte  alone.  And  where  the  facts  of  the  case  make  conrses 
and  distances  more  reliable  than  monuments  then  they  prevail. 
The  general  rule  is  never  to  he  adhered  to  when  it  would  lead  to 
an  absurdity.  Nor  where  it  would  defeat  the  grant.  \or  where  it 
would  defeat  the  manifest  intent  of  the  parties. 

11.  MonnmentA  called  for  as  "  supposed  "  to  be,  or  "  near,"  or 
about  the  intended  line,  are  not  definite  enough  to  prevail  over 
definite  courses  and  distances. 

13.  If  a  monument  called  for  in  a  deed  is  gone  the  surveyor  can 
Qot  establish  himself  a  legal  monument  to  take  its  place ;  this  can 
be  done  only  upon  the  agreement  of  the  parties  interested. 

13.  If  no  monuments  are  called  for  in  the  deed,  or  if  the  monu- 
ments called  for  are  gone,  then  courses  and  distences  control  the 
survey  and  all  the  terms  of  description. 

14.  If  the  courses  and  distances  can  not  be  closed  on  the  plot 
they  do  not  wholly  control,  but  in  such  a  case  resort  may  be  had  to 
the  BDhordinate  parts  of  the  description. 

15.  In  determining  the  location  of  a  boundary,  course  prevails 
over  distance  where  they  do  not  harmonize.  The  same  is  true  in 
restoring  lost  lines  or  comers. 

16.  The  last  rule  does  not  prevail  where  by  so  doing  the  intent 
of  the  parties  will  not  be  carried  out;  but  the  very  reverse  may 
be  the  true  rule  if  it  best  carries  out  the  intent  of  the  parties  or 
obviates  an  absurdity. 

17.  Quantity  is  the  least  reliable,  and  is  the  last  to  be  resorted 
to  of  all  the  descriptive  particulars  in  a  deed.  But  if  there  is  a 
clear  intent  to  give  only  a  certain  quantity  it  may  control  the  other 
parts  of  the  description. 

18.  A  plot  referred  to  in  a  deed  becomes  a  part  of  it  and  con- 
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trols  a  line  subsequectly  established  in  surveying  another  contiga- 
oas  tract,  and  it  may  control  coureea  and  distances. 

19.  If  a  town  lot  is  described  by  number,  the  town  plot  becomes 
a  part  of  the  conTeysnce. 

The  description  by  number  of  eectioD  makes  the  map  and  field 
notes  of  the  pnblic  snrreyB  a  part  of  the  description. 

20.  Where  the  numbers  in  a  deed,  as  written,  vary  from  the 
numerals,  also  used,  the  former  control. 

21.  A  line  to  be  run  between  certain  points  is  presumed  to  be 
a  straight  line,  but  may  be  deflected  to  take  in  a  designated  object. 

32.  Where  the  point  at  which  a' aurrey  begins  is  lost,  and  the 
next  comer  and  the  course  and  distance  between  the  two  are 
known,  the  first  point  may  be  found  by  reversing  the  first  conrae 
from  the  second  point  This  is  the  rule  of  law  as  to  any  lost  point 
in  a  survey  of  premises. 

33.  If  no  monument  is  found  at  the  point  of  intersection  of  two 
lines  of  a  survey,  saoh  point  of  intersection  will  be  presumed  to  be 
a  comer. 

M.  If  the  descriptiod  is  a  definite  quantity  out  of  a  larger  tract 
at  some  designated  comer,  then  the  same  is  to  be  laid  off  out  of  the 
designated  comer  in  a  square  form,  and  if  certain  objects  are  in- 
cluded in  the  grant,  then  the  survey  of  the  part  is  to  be  as  nearly 
in  a  sqoare  form  as  possible  and  include  the  designated  objects. 

BonndATies  on  Streams,  Lties,  and  otber  Watera, 
The  decisions  of  the  different  States  are  go  much  at  variance  as 
to  boundaries  on  waters  that  it  is  difficult  to  give  here  any  general 
mles  as  a  guide  in  resurveys.  The  only  safe  guide  b  for  the  sur- 
Teyor  to  consult  the  law  of  the  State  where  the  surrey  is  to  be 
made. 

1.  Streams  are  classified  as  navigable  and  non-navigable.  The 
courts  differ  as  to  what  is  a  navigable  stream.  The  rule  most  fre- 
quently adopted  is,  that  it  is  a  stream  susceptible  of  navigation  for 
purposes  of  commerce  during  some  portions  of  the  year. 

9.  Some  States  hold  the  bed  of  a  navigable  stream  is  vested  in 
the  State,  while  others  hold  it  is  vested  in  the  adjoining  proprie- 
tors, and  when  an  adjoining  proprietor  conveys  his  land  he  is  pre- 
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Bumed  to  convey  to  the  center  of  the  stream  tinleBB  he  in  terme 
limita  it  to  the  banit  or  high  or  low  water,  or  in  express  terms 
reserves  the  bed  of  the  stream  from  the  grant.  The  same  is  true 
of  flats  lying  between  the  land  described  and  the  stream  npon 
which  it  abuts. 

3.  When  a  stream  is  not  navigable,  or  if  navigable  the  grantor 
owns  the  bed  of  it,  the  general  rule  is  that  all  grants  of  land  bor- 
dering upon  it  vest  title  in  the  grantee  to  the  thread  of  the  stream, 
unless  an  intent  to  limit  it  to  some  other  line  clearly  appears  from 
the  deed. 

4.  The  thread  of  the  stream  is  the  line  running  equidistant 
from  the  two  banks  at  the  ordinary  stage  of  the  water.  It  may  or 
may  not  he  the  middle  of  the  channel. 

5.  If  the  grantor  owned  to  the  center  of  the  stream,  and  the 
deed  gives  boundaries,  one  of  which  extends  into  or  along  a  stream, 
the  conveyance  extends  to  the  center  of  the  stream,  though  the 
stream  be  not  named  in  the  deed. 

$.  The  purpose  of  meander-lines  along  or  near  the  hank  of 
streams  is  to  designate  the  course  of  the  stream  and  to  aid  in  deter- 
mining the  amount  of  land.  They  are  not  to  have  the  effect  of 
restricting  the  bonndary-line  or  to  prevent  it  from  extending  to  the 
thread  of  the  stream. 

7.  It  becomes  important  to  know  what  language  in  a  deed  will 
be  construed  as  an  intent  on  the  part  of  the  grantor  to  reserve  to 
himself  the  bed  of  the  stream.  Here  courts  differ  to  such  an  extent 
that  hut  few  general  rules  can  be  formnlat«d.  To  almost  any  rale 
there  are  exceptions. 

8.  The  fact  that  one  or  more  of  the  courses  in  a  deed  extends 
to  a  monument  on  the  hank  or  by  the  side  of  a  stream  is  not  suflB- 
cient  to  indicate  an  intent  on  the  part  of  the  grantor  to  limit  the 
boundaries  of  his  grant,  nor  to  prevent  their  reaching  the  thread  of 
the  stream,  where  the  boundary  between  the  monuments  is  described 
as  mnning  with,  by,  along,  or  upon  the  stream. 

9.  Where  the  deed  describes  the  boundary  as  ranning  along  the 
Imnk  of  a  stream,  the  word  "  bank  "  restricts  the  boundary  and  does 
not  permit  it  to  reach  the  thread  of  the  stream.  The  word  "  bank  " 
is  not  construed  to  be  the  top  of  the  rise  of  ground  or  the  bottom 
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of  it,  bnt  ae  the  grantor  in  using  it  has  not  designated  an;  part  of 
it  the  deed  is  construed  most  strongly  against  bim,  and  it  is  held 
to  be  low-water  mark.  So  a  line  ruDoing  to  the  waters  of  a  stream 
runs  to  low-water  mark. 

10.  Where  a  deed  makes  the  shore  a  boundary- line,  the  courts 
vary  so  much  as  to  what  is  conveyed  that  an  attempt  at  a  rule  would 
only  confuse.  "  Shore  "  is  the  land  covered  and  uncovered  by  the 
ebb  and  flow  of  the  ordinary  tides.  The  term  should  never  be  used 
in  describing  lands  abutting  apon  waters  without  tides.  The  im- 
proper use  of  the  term  baa  led  to  much  of  the  diversity  of  holding  as 
to  its  meaning.  Some  courts  extend  the  conveyance  to  the  thread 
of  the  stream,  some  to  the  low-water  line,  and  others  to  the  high- 
water  line. 
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4M.  Lenliog  in  Oenet&L  A  level  surface  is  one  which  is  erer;- 
where  perpendicular  to  the  direction  of  gravity,  as  indicated  by  a 
plamb-line,  etc.,  and  consequently  parallel  to  the  surface  of  stand- 
ing water.  It  is,  therefore,  spherical  (more  precisely,  spheroidal), 
but,  for  a  small  ext«nt,  may  be  considered  as  plane.  Any  line  lying 
in  it  is  a  level  line. 

A  vertical  line  is  one  which  coincides  with  the  direction  of 
gravity. 

The  height  of  a  point  is  Us  distance  from  a  given  level  snrlaoe, 
measured  perpendicularly  to  that  surface,  and  therefore  in  a  ver- 
tical line. 

Lbveliko  is  the  art  of  determining  the  difference  of  the  heights 
of  two  or  more  points. 

To  obtain  a  letel  surface  or  line,  usually  the  latter,  is  the  first 
thing  required  in  leveling. 

When  this  has  been  obtained,  by  any  of  the  methods  to  be  here- 
after described,  the  desired  height  of  a  point  may  be  determined 
directly  or  indirectly. 

Direct  Leveling.  In  this  method  of  leveling,  a  level  line  is  so 
directed  and  prolonged,  either  actually  or  visually,  as  to  pass  exactly 
over  or  under  the  point  in  question — i.  e.,  so  as  to  be  in  the  same 
vertical  piano  with  it— and  the  height  (or  depth)  of  the  point  above 
(or  below)  this  level  line  is  measured  by  a  vertical  rod,  or  by  some 
similar  means.     The  height  of  any  other  point  being  determined  in 
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the  eame  manner,  the  difference  of  the  two  vill  be  the  height  of 
one  of  the  points  abore  tlie  other.  So  on,  for  any  anmber  of 
points. 

DiBBCT  Lktsunq  is  the  method  most  oommonlj  employed.  It 
wiU  form  Chapter  IX. 

ladinot  IcTtliag.  In  this  method  of  leveling  the  desired 
height  is  obtained  by  caloalatioa  from  certain  co-or^iiat«  meas- 
ored  lines  or  angles,  which  fix  the  place  of  the  point 

Thus,  the  horizontal  distance  from  any  point  to  a  tree  being 
known,  and  also  the  angle  with  the  horizon  made  by  a  straight  line 
passing  from  the  point  to  the  top  of  the  tree,  its  height  above  the 
point  can  be  readily  calculated.  This  is  the  most  simple  and  moat 
usnal  form  of  this  method. 

Uetbods  similar  to  those  employed  for  detennining  the  length 
of  a  line,  one  end  or  both  ends  of  which  are  inaooessible,  may  be 
used  in  this  method  of  leveling.  See  Chapter  V,  Obstacles  in 
Angular  Sarveyiog. 

In  the  problems  which  are  there  solved,  the  lines  employed  lie 
in  a  horizontal  plane.  By  conceiving  the  plane  of  the  lines  to  be 
vertical,  many  of  the  solutions  vill  apply  to  the  determination  of 
vertical  distances — that  is,  diflerencee  of  level  This  method  of 
leveling  is  employed  in  determining  the  difference  of  level  of  the 
stations  of  a  geodetic  survey,  where  the  stations  are  long  distances 
apart  and  the  horizontal  distances  between  them  are  determined  by . 
the  snrvey. 

IlTDlBZOT  LsvELiKO  will  be  developed  in  Chapter  XI,  Part  II. 

Burawtrie  Lereling,  This  determines  the  difference  of  the 
heights  of  two  points  by  the  difference  of  the  weights  of  the  por- 
tions of  the  atmosphere  which  are  above  each  of  tbem,  as  indicated 
by  a  barometer.  An  important  advantage  in  this  method  of  level- 
ing ie  that  the  distances  between  stations  do  not  need  to  be  known 
in  order  to  determine  the  differences  of  level.  It  is,  therefore,  avail- 
able for  esplorotions,  reconnaissance,  and  preliminary  work,  which 
needs  to  be  carried  on  before  any  accurate  measurements  of  dis- 
tances are  made.     It  is  explained  in  Chapter  XV,  Part  IL 
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PredM  Lenllng,  While,  in  general,  the  methods  employed  in 
Precise  Leveling  are  the  same  ao  in  ordinary  Direct  Leveling,  the 
iDStraments  used  are  capable  of  more  accurate  adjustment ;  and 
repetitions  of  observations  are  systematically  arranged,  so  as  to  re- 
duce the  errors  to  the  least  possible  amount.  This  is  the  method 
employed  in  geodetic  surveying  for  determining  in  the  most  precise 
manner  possible  the  difference  of  level  of  a  series  of  stations  ex- 
tending over  long  distances,  as  from  the  ocean  to  the  Great  Lakes, 
or  across  the  coutineat  It  will  be  explained  in  Chapter  XIV, 
Part  II. 

OJUIiULAZi  PKINCIPIiBS. 

495.  Leveling  InstrnmentiL  The  instramenta  employed  to  ob- 
tain a  level  line  may  be  arranged  in  three  classes,  depending  on 
these  three  principles : 

1.  That  a  line  perpeudicolar  to  a  vertical  line  is  a  horizontal  <a 
leval  line. 

3.  That  the  surface  of  a  liquid  in  repose  is  horizontal. 

8.  That  a  bubble  of  air,  confined  in  a  vessel  othervise  full  of  a 
liquid,  will  rise  to  the  highest  point  of  that  liquid. 

They  will  be  described  in  the  following  pages. 

488.  Kethods  of  Operation.  When  a  level  line  has  been  ob- 
tained, by  auy  means,  the  difference  of  heights  of  any  two  points 
may  bs  found  by  either  of  these  two  methods  : 

Firtt  Method.    Set  the  leveling  instrament  over  one  of  the 


pointB,  as  A,  in  Fig.  346.     Measure  the  height  of  the  level  line 
above  the  point    Then  direct  this  line  to  a  rod  held  on  the  othei 
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point,  and  note  the  reading.    The  difference  of  the  two  measoie- 
moots  at  A  and  B  will  be  the  difference  of  their  heights. 

Second  Method.     Let  A  and  B,   Fig.   347,   represent  the  two 

points.     Set  the  inetrn- 

menc  on  any  spot  from 

which    both    the    points 

can  be  seen,  and  at  sncb 

a  height  that  the  level 

line  will  pass  above  the 

highest  one.     Sight  to  a 

rod  held  at  A,  and  note 

the  reading.     Then  turn 

the    inBtmment    toward 

B,  and  note   the  height 

obeerred  on  the  rod  held  at  that  point.     The  difference  of  the 

two  readings  will  be  the  difference  of  the  heights  required.     The 

abtoluts  height  at  the  level  line  iteelf  is  a  matter  of  indifference. 

9  tan- 


FlO.  848. 


497.  Cnrrattm.    The  level  line  given  by  an  instrument  ii 
gent  to  the  surface  of  the  earth.     Therefore, 
the  line  of  true  level  is  always  below  the  line 
of  apparent  level.     In  Pig.  348,  A  D  repre- 
sents the  line  of  apparent  level,  and  A  B  the 
line   of  true  level      D  B  is  the  correction 
for  the  earth's  oorratnre.    By  geometry  we 
have  :  A  D"  =  D  B  X  (D  B  +  3  B  0).      But 
D  B,  being  very  small,  compared  with  the 
diameter  of  the  earth,  may  be  dropped  from 
the  quantity  in  the  parenthesis,  and  we  have  : 
AD* 
"2B0' 
L  e.,  the  correction  equals  the  square  of  the 
distance  divided  by  the  diameter  of  the    earth. 

The  difference  of  height  for  a  distance  of 
_  5280  X  12  ^ 
"  7916  ~       7916      " 

This  varies  as  the  sqoare  of  the  distance.     The  effect,  if  n^ 
leoted,  is  to  make  distant  objects  appear  lower  than  they  really  am. 


DB  = 


1  mile  =  ^ 


=  8  inches. 
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The  effect  is  destroyed  by  setting  the  instrament  midway  b^ 
tween  the  two  points. 

498.  BefractioiL  Bays  of  light  coming  throngh  the  air  are 
cnrred  downward.  The  effect  is,  to  make  objects  look  higher  than 
they  really  are.  Its  amonnt  is  about  one  seventh  that  ot  oarrft- 
tnre,  and  it  operates  in  a  contrary  direction. 

PXRPBHSIODIiAB  LSVEZA 

499.  Ptineiple.  The  principle  upon  which  these  are  oon- 
atrocted  is,  that  a  line  perpendionl&r 

to  the  direction  of  gravity  is  a  level 
line. 


500.  Plamb-Une  Iev«li.  The  A 
level.  Fig.  349,  is  so  adjusted  that, 
when  the  plamb-line  coincides  with 
the  mark  on  the  cross-piece,  the  feet  of  the  level  shall  be  at  the 
same  height.  It  is  adjosted  by  reversion  tbns :  Place  its  feet  on 
any  two  points.  Mark  on  the  cross-bar 
^»-  8B0.  the  place  of  the  plumb-line.     Turn  the 

instrument  end   for  end,  resting  it  on 
the  same  points,  and  mark  the  new  place 
of  the  plumb-line.     The  point  midway 
I     between  the  two  is  the  right  one. 

Another  form  is  showa  in  Fig.  350. 
The  above  forms  are  not  convenient  for  prolonging  a  level  line. 
To  do  this,  invert  the  preceding  form,  as  in  Fig.  361. 
To   test    and  j^^g„ 

adjust  this,  sight     ^ 

to    some  distant 

point  nearly  on 

a  level,  and  mark 

where  the  plnmb- 

line  comes  to  on 

the  bottom  of  the 

rod.     Turn  the  instrument  around  and  sight  again,  and  note  tae 

place  of  the  plumb-line.     The  midway  point  is  the  right  one. 
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A  modification  of  the  lost  form  ia  to  fasten  a  commoti  carpen- 
ter's square  in  a  alit  in  the  top  of  a  stafF,  by  means  ol  a  screv,  and 
then  tie  a  plamb-Une  at  the  angle  bo  that 

^^^  it  may  hang  beside   one  arm.     When  it 

has  been  brought  to  do  so,  by  turning 
the  square,  then  the  other  arm  will  be 
level 


n 


601.  Refleoting  Lerdi.    In  these,  the 
perpendicular  to  the  direction  of  gravity 
^  is  not  an  actual  Une,  but  an  imaginary 

reflected  line. 

It  depends  on  the  optical  principle  that  a  ray  of  light  which 
meets  a  reflecting  plane  at  right  angles  is  reflected  back  in  the 
same  Hue. 

When  the  eye  sees  itself  in  a  plane  mirror,  the  imaginary  line 
which  passes  from  the  eye  to  ita  image  is  perpendicular  to  the  mir- 
ror. Therefore,  if  the  mirror  be  vertical,  the  line  will  be  horizon- 
taL  It  may  therefore  be  used  like  any  other  line  of  sight  for 
determining  points  at  the  same  height  as  itself. 

The  firet  form.  Fig.  353  (Colonel  Burel'a),  con-  F10.8B8. 

dsta  of  a  rhomb  of  lead,  of  about  two  inches  on 
a  side,  and  one  inch  thick. 

One  side  (the  shaded  part  of  the  figure)  is 
faced  with  a  mirror.  The  right-hand  comer  of 
the  rhomb  ia  cut  off,  as  seen  in  the  figure,  and  a 
wire,  A  B,  is  stretched  across  the  mirror. 

To  use  this,  hold  up  the  inatroment,  with  the 
mirror  opposite  the  eye,  by  the  string  D,  so  that 
the  eye  seems  bisected  in  the  mirror  by  the  wire  A  B.     Then 
glance  through  the  opening  at  B,  and  any  point  in  the  line  of  the 
eye  and  wire  will  be  in  the  same  horizontal  plane  with  them. 

The  correctness  of  the  instrument  maybe  verified  in  the  follow- 
ing  manner  :  Hold  np  the  instrument  before  any  plane  surface,  as 
a  wall,  and  determine  the  height  of  some  point,  as  previously 
directed.  Then,  without  changing  the  height  of  the  instrument, 
torn  it  half  aroand,  place  yonrself  between  it  and  the  wall,  and 
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note  the  point  of  the  vail  which  is  seen  in  the  mirror  t 
with  the  image  of  the  eye. 

If  the  two  points  on  thd  wall  coincide,  the  instrument  is  cor- 
rect. If  they  do  not,  the  mirror  does  not  hang  plumb,  and  the 
point  midway  between  the  two  is  the  true  one. 

The  instrnment  ia  rectified,  or  made  to  bang  plumb,  by  means 
of  the  pear-shaped  piece  of  lead  seen  attached  to  the  lower  comer 
of  the  rhomb. 

The  second  form  oousieta  of  a  hollow  brass  cylinder,  with  oa 
opening  at  the  upper  end,  as  seen  tn  Fig.  354.     At  the  opening  is 
a  small  mirror,  whose  ver- 
tical plane  makes  an  an-  *"*■  '"■ 
gle     with    Uie    vertical 

plane  of  section  by  which     '  ' 

the  cylinder  was  cut  in 
forming  the  aperture. 
The  edge  of  the  mirror 
is  marked  thus  (x)  in  the 
first  half  of  Fig.  354 
The   mirror  is  made  to 

bang  plumb  by  means  of  a  one-sided  weight  within  the  cylin- 
der. 

This  is  used  by  settiug  it  on  a  stake  driren  into  the  ground,  or 
by  holding  it  in  the  hand,  making  the  lower  edge  of  the  opening 
answer  the  same  purpose  as  the  wire  in  the  other  case. 

The  same  methods  of  verifioa- 
*■  tion  and  rectification  are  used  as 

*^  with   the   first   form    of    the   in- 

strument. 

The  inatmment,  in  its  third 
form,  ia  simply  a  small  steel  cylin- 
der, 4"  or  5"  long,  and  \"  in  di- 
ameter, highly  polished,  and  sus- 
pended from  the  center  of  one  end 
by  a  fine  thread. 
To  use  this,  hold  it  up  by  the  thread  with  one  hand,  and  with 
(jie  other  band  hold  a  card  between  the  eye  and  instrnment,  neing 


Uj) 
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the  upper  edge  of  the  card,  as  aeen  reflected  io  the  mirror,  the 
same  as  the  vire  in  the  first  form. 

This  inetrament  ia  the  inventioD  of  M.  Ooasinery. 

TATXB-LEVZLfl. 

SOS.  Oontiniioag  Water-LereU.  These  may  consist  of  a  ohannel 
oonnecting  the  two  points,  and  filled  with  water ;  or  of  a  tube, 
DBoally  flezihle,  with  the  ends  tnrued  up,  and  extending  from  one 
point  to  the  other. 

Bj  measuring  up  or  down,  from  the  surface  of  the  water  at 
each  end,  the  relative  heights  of  the  two  points  ma;  he  determined. 

A03.  Tinal  Water-Levdi.  The  simplest  one  is  a  short  surface 
of  water  prolonged  by  sights  at  equal  distances  above  it,  as  in 
Fig.  356. 

A  portable  form  is  a  tube  bent  ap  at  each  end,  and  nearly  filled 


with  water.     The  surface  of  the  water  in  one  end  will  always  be  at 
the  same  height  as  that  in  the  other,  however  the  position  of  the 
tube  may  vary.     It  may  be 
IT  "•      ■  easily  conBtmcted  with  a  tnbe 

of  tin,  lead,  copper,  etc.,  by 
bending  up,  at  right  angles, 
an  inch  or  two  of  each  end, 
and  supporting  the  tube,  if 


T 


too  flexible,  on  a  wooden  bar.  In  these  ends,  cement  (with  putty, 
twine  dipped  in  white-lead,  etc.)  thin  vials,  with  their  bottoms 
broken  oft,  so  as  to  leave  a  free  communicatiou  between  them. 
Fill  the  tube  and  the  vials,  nearly  to  their  top,  with  colored 
water.  Blue  vitriol  or  cochineal  may  be  used  for  coloring  it.  Cork 
their  months,  and  fit  the  instrument,  by  a  steady  but  flexible  joint, 
to  a  tripod. 
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To  xao  it,  set  it  in  the  desired  spot,  place  the  tube  by  eyo 
nearly  level,  remove  the  corks,  and  the  surfaces  of  the  water  in  the 
two  vials  will  come  to  the  same  level.  Stand  abont  a  yard  behind 
the  nearest  vial,  and  let  one  eye,  the  other  being  closed,  glance 
along  the  right-hand  side  of  one  vial,  and  the  left-hand  side  of 
the  other.  Raise  or  lower  the  head  till  the  two  sarfaces  seem  to 
coinoide,  and  this  line  of  sight,  prolonged,  will  give  the  level  line 
desired.  Sights  of  equal  height,  floating  on  the  water,  and  rising 
above  the  tope  of  the  viale,  would  give  a  better-defined  line. 

AIB-BtTBBI.E  OB  SPIRIT  LZVXLa 
804,  The  "spirit-level"  consists  essentially  of  a  curved  glass 
tube  nearly  filled  with  alcohol,  bnt  with  a  bubble  of  air  left  witiiin, 
which  always  seeks  the  highest  spot  in  the  tube,  and  will  there- 
fore, by  its  movements,  indicate  any  change  in  the  position  of  the 
tnbe.     Whenever  the  bubble,  by  raising  or  lowering  one  end,  has 
been  brought  to  stand  between 
two  marks  on  the  tnbe,  or,  in 
case  of  expansion  or  contraction, 
to  extend  an  eqnal   distance  on 
either  side  of  them,  the  bottom 
of  the  block  (if  the  tube  be  in 
one),  or  sights  at  each  end  of  the  tnbe,  previously  properly  ad- 
insted,  will  be  on  the  same  level  line.    It  may  be  placed  on  a  board 
fixed  to  the  top  of  a  staff  or  tripod. 

When,  instead  of  the  sights,  a  telescope  is  made  parallel  to  the 
level,  and  various  contrivances  to  increase  its  delicacy  and  acoa- 
racy  are  added,  the  instmment  becomes  the  engineer's  spirit-level. 
The  upper  surface  of  the  tnbe  is  usually  the  arc  of  a  circle, 
and,  when  we  speak  of  lines  parallel  to  a  "  level,"  wo  mean  parallel 
to  the  tangent  of  this  arc  at  its  highest  point,  as  indicated  by  the 
middle  of  the  bubble. 

SOS.  Bensihility.  This  is  estimated  by  the  distance  which  the 
bubble  moves  for  any  change  of  inclination.  It  is  directly  propor- 
tional to  the  radius  of  curvature  of  the  tube.  To  determine  the 
radins,  proceed  thus : 
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Let  8  =  length  of  tbe  arc  over  which  the  bubble  movea  for  an 
incUnation  of  1  second  (1"). 

Let  B  =  its  radios  of  cnrvatare. 

ThenS  :aB-B  : :  1"  :  360°, 
whence  B  =  306365  X  S, 

S  Duy  be  foand  by  tri^,  the  level  being  attached  to  a  finely 
divided  vertical  circle.     The 
Fio.  8B».  radius  may  also    be   found 

without  this,  thus  :  Bring 
the  bubble  to  center,  and 
sight  to  a  divided  rod. 
Baise  or  lower  one  end  of 
the  level,  and  again  sight  to 
the  rod.  Call  the  difference 
of  the  readings  h,  the  dis- 
tance of  the  rod  d,  and  tbe 
space  which  the  bubble 
moved  S.     Theu  we  have  two  approximately  similar  triangles ; 

.  dS 

whence  r  =  -jp . 

Meample,  At  100  feet  distance,  the  difference  of  readings  was 
0'02  foot,  and  tbe  bubble  moved  0*01  foot.  Then  the  radius  was 
100X001       .„,.., 


The  sensibility  of  an  air-bubble  level  equals  that  of  a  plnmb- 
line  level  having  a  plumb-line  of  tbe  same  length  as  the  radius  of 
curvature. 

006,  Bl(Kik>IieT«L  If  this  is  marked  by  the  maker,  and  the  bub- 
ble does  not  come  to  the  center,  when 
turned  end  for    end,  plane  or  grind 
off  one  end  of  the  bottom   until  it 
does. 

Otherwise,  if  tbe  babble-tube  is  capable   of  movement,   raise 

or  lower  one  end  of  it  until  it  will  verify,  bringing  the  bubble 
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half-way  back  to  the  middle  by  this  means,  and  the  other  half 
by  raising  or  lowering  one  end  ot  the  block,  becauae  the  reversion 
has  doubled  the  error. 

Bepeat  this,  if  necessary. 

OiEonlar  Lev«l,    The  npper  surface  of  this  is  spherical.    It  irill 
therefore  indicate  a  lerel  in  every  direction,  instead 
of  only  one,  as  does  the  preceding.     It  is  adjnsted 
like  the  last  one,  but  in  two  directions,  at  right  an- 
gles to  each  other. 

SOT.  Levd  witii  Sights.    The  line  of  sight  is  made 
panllel  to  the  tangent  of  the  leveL     It  may  be  tested  thus  : 


Bring  the  bubble  to  the  center  of  the  tube  and  make  a  mark,  in 
the  line  of  sight,  as  far  off  bb  can  be  seen.  Then  torn  the  level  end 
for  end,  and  eight  again.  If  the  bubble  remains  in  the  same  place, 
"all  right"  If  not,  rectify  it  by  altering  the  sights,  or  by  altering 
the  marks  for  the  bubble  to  come  to,  bringing  the  bubble  half-way 
back,  and  trying  it  again. 

SOS.  Hand-Befleeted  Level    This  consists  of  a  brass  tube,  aboat 

six  inches  long,  and  one  inch  in  diameter.     To  the  inside  of  the 

upper  portion  ot  the 

tube    is    attached    a 

smaU  lerel.    A  small 

mirror  is  placed  at  an 

angle  in  the  lower  side 

of  the  tube,  so  that  it  will  reflect  the  point  to  which  the  bubble 

must  come,   in  order  to  hare  the  instrument  level,  to  the  eye. 
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A  small  hole  at  one  end,  and  a  horizontal  oross-hair  at  the  other, 
give  the  desired  level  line.  It  is  used  by  holding  it  in  the  hand. 
Fig.  363  is  an  approved  form,  made  by  Young,  of  Philadelphia. 
The  improvemeat  consists  in  the  patent  "  Locke  sight,"  which 
enables  the  near  croas-hair  to  be  distinctly  seen  at  the  same  time  as 
the  distant  object. 

009.  Oniley'a  TelMOopio  Euid-L«nl  {Fig.   363',  a).     "This 
oonnstfl  of  a  tube  to  vhich  are  fitted  the  lenses  of  a  single  opera- 


glass,  and  containing  in  addition  thereto  a  reflecting  priem,  ctobb- 
wire,  and  Bmall  spirit-level,  the  last  being  shovn  in  the  open  part 
of  the  tube. 

"  The  eje-lens,  as  indicated  in  the  cnt,  is  made  of  two  separate 
pieces,  the  larger  one  being  the  usaal  concave  eye-lens  of  the 
opera-glass,  the  smaller  one  a  segment  of  a  planoMionvez  lens  hav- 
ing its  focus  in  a  cross-wire  under  the  level-rial  and  above  the 
reflecting  prism. 

"  The  observer  holds  the  tnbe  horizontal,  with  the  level  open- 
ing uppermost,  and  with  the  same  eye  Bees  the  object  toward 
vhich  the  inetrument  is  directed,  and  observes  the  position  of  the 
bubble.    When  the  level  is  truly  horizontal,  the  cross-wire  will 


H 
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bisect  the  bubble,  and  will  also  determine  the  level  of  any  object 
seea  through  the  telescope. 

"In  the  binocular  form  of  this  level  (Fig.  363',  b)  the  tube 
on  the  right  incloses  the  usual  lenses  of  the  opera-glass,  while  that 
on  the  left  contains  only  the  prism,  level-vial,  and  cross-wire. 
The  binocular  hand-level  gives  a  clearer  view  of  an  object  than  is 
possible  with  a  single  tube,  there  being  no  light  lost  by  the  inter- 
ference of  the  prism  and  level- vial." 

510.  The  Telewope-Lerel.  In  this  the  line  of  coUimation  of 
the  telescope  corresponds  to  the  sights  of  Fig.  363,  and  is  made 
parallel  to  the  level — i.  e.,  this  line  is  so  adjusted  as  to  be  horizon- 
tal when  the  bubble  of  its  level  is  in  the  center. 

There  are  many  different  forms  of  the  telescope-level,  of  which 
the  most  important  ones  will  now  be  given. 

(11.  The  T-LereL  This  is  so  named  from  the  shape  of  the 
supports  of  the  telescope.  It  is  the  variety  most  used  by  American 
engineers. 

Fig.  364  represents  a  T*leve1  of  the  asnal  form.  The  telescope 
is  held  in  the  wyes  by  the  clips,  A  A,  which  are  fastened  to  the 

Fia.  8M. 


wyn  by  tapering  pins,  so  that  the  telescope  can  be  clamped  in  any 
position.     The  mlUcd-headed  screws  at  M  and  M  are  used  to  move 
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the  object-glass  and  eye-pieoe  in  and  oat,  so  as  to  adjost  them  for 
long  and  short  sights,  and  for  short-sighted  and  long-sight«d  per- 
SODS.  L  is  a  spirit-leTel ;  P  and  P  are  parallel 
plates  ;  G  \i  the  clamp-screw,  vhich  fastens 
the  spindle  on  which  the  level-bar,  B,  which 
supports  the  wyes,  tnrns  ;  T  is  the  tangent- 
eorew,  by  which  the  telescope  may  be  slowly 
tamed  around  horizontally. 


•■r^' 


618.  Tlie  TelBMope.  The  arrangement  of 
the  parte  of  the  telescope  is  shown  in  Fig.  36S. 
0  is  the  object-glass,  by  which  an  image  of 
any  object,  toward  which  the  telescope  may  be 
directed,  is  formed  within  the  tnbe.  EE  is 
the  eye-piece — a  combination  of  lenses,  so  ar* 
TSQged  as  to  magnify  the  small  image  formed 
by  the  object-glass.  The  croas-bairs  are  at  X. 
They  are  moved  by  means  of  the  screws  shown 
at  B  B.  A  A  are  screws  ased  for  centering  the 
eye-piece.  CC  are  screws  nsed  for  centenng 
the  object-glass.  At  D  D  are  rings,  or  collars, 
of  exactly  the  same  diameter,  tnmed  very  tra- 
ly,  by  which  the  telescope  revolves  in  the  wyes. 

The  telescope  shown  in  the  fignre  forms  the 
image  erect.  Other  combinations  of  lenses  are 
nsed,  some  of  which  invert  the  image ;  bnt  the 
one  here  shown  is  generally  preferred. 


613.  The  CroH-HRin.  These  are  made  of 
very  fine  platinnm  wire  or  of  spider-threads. 
They  are  attached  to  a  short,  thick  tnbe, 
placed  within  the  telesoope-tnbe,  through  which 
pass  loosely  fonr  screws  whose  threads  enter 
and  take  hold  of  the  oroas-hair  ring,  as  shown 
in  Fig.  366. 

In  some  instrnments,  one  of  each  pair  of 
)  is  replaced  by  a  spring ;  and  the  screws,  instead 
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of  being  capstan-headed,  and  tnoyed  by  an  "  adjnBting-pin,"  bare 
square  heads,  and  are  moved  by  a  "  key,"  like  a  watch-key. 

The  line  of  collimation 
(or  line  of  aim)  is  the 
imaginary  line  passing 
through  the  intersection  of 
the  croas-hairs  and  the  op- 
tical oenter  of  the  object- 


The  image  formed  by 
the  object-glass  sbould  co- 
incide precisely  with  the 
cross-hairs.  When  this  is 
not  the  case,  there  will  be  an  apparent  movement  of  the  cross- 
hairs, aboat  the  objects  sighted  to,  on  moving  the  eye  of  the  ob- 
serrer.  This  is  called  insinimenial  parallax.  To  correct  it, 
move  the  eye-piece  out  or  in,  till  the  cross-hairs  are  sharply  de- 
fined against  any  white  object  Then  moTe  the  object-glass  in 
or  out,  till  the  object  is  also  distinctly  seen.  The  image  is  now 
formed  where  the  cross-hairs  are,  and  no  movement  of  the  eye  will 
cause  any  apparent  motion  of  the  cross-hairs. 

S14.  The  LereL  This  consists  of  a  thick  glass  tube,  slightly 
ourred  upward,  and  so  nearly  filled  with  alcohol  that  only  a  small 
bubble  of  air  remains  in  the  tube.  This  always  rises  to  the  highest 
part.  The  brass  case,  in  which  this  is  inclosed,  is  attached  to  the 
nnder  side  of  the  telescope,  and  is  furnished  with  the  means  of 
moving,  at  one  end  vertically,  and  at  the  other  horizontally.  Over 
the  aperture,  in  the  case,  through  which  the  bubble-vial  is  seen, 
is  a  graduated  level-scale,  numbered  each  way  from  zero  at  the 
center. 

516.  Bnpporta  The  wyes  in  which  the  telescope  reeta  are  sup- 
ported by  the  level-bar,  B,  and  fastened  to  it  by  two  nnts  at  each 
end  (one  above,  one  below  the  bar),  which  may  be  moved  with  an 
adjusting-pin.  The  nse  of  these  nuto  will  be  explained  under  "  Ad- 
jostments."     Attached  to  the  center  of  the  level-bar  is  a  steel 
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spindle,  made  so  as  to  tarn  Bmoothl;  and  firmly  in  a  hollow  cylin- 
der of  bell-metal  ;  this,  again,  ia  fitted  to  the  main  socket  of  the 
upper  parallel  plate. 

B16.  Parallel  Platen     It  ie  by  the  ud  of  these  that  the  inetra- 
ment  is  lereled.    The  plates  are  nnitod  by  a  baH-and-aookot  joiat, 


i  % 


and  are  held  apart  by  the  four  plate-sorews,  QQQQ,  which  past 
thiongh  the  apper  one,  and  press  against  the  lower  one. 
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To  level  the  instrament,  tnm  the  telescope  till  it  i>  bronght  ' 
over  a  pair  of  opposite  parallel  plato-BOrews.     Then  turn  the  pair 
of  screws,  to  which  the  telescope  has  been  made  parallel,  eqoaUj 
in  opposite  directions, 
screwing  one  in  and  the 
other  ont,  till  the  hnb- 
ble  is  bronght  to   the 
center.    Then  tarn  the 
telescope  so  as  to  bring 
it  over  the  other  pair  of      « 
opposite     screws,    and 
bring  the  bubble  to  the 
center,  as  before. 

Repeat    the    opera- 
tion, as  moving  one  pair  -A 
of  screws  maj  affect  the  ■! 
other.  J 

Sometimes    one    of    ^  J 

each   pair    of    opposite     4  § 

screws  is  replaced  by  a  h 

strong   spring,   and   in  | 

some  instmments  only  ^ 

three  screws  are  used.  ' 

The  lower  plate  is 
screwed  on  to  the  tripod- 
head. 

817.  Fig.  367  is  a 
twenty  -  inch  Y  -  level, 
and  Fig.  368  is  a  longi- 
tndinal  section  of  it, 
showing  its  oonstrno* 
tion. 

In  Fig.  368,  B  B  are 
the  screws  attached  to  the  cross-hair  ring.    At  A  are  four  ecrevs 
holding  a  ring  through  which  the  inner  end  of  the  eye-piece  passes. 
At  0  are  fonr  screws  holding  a  ring,  through  which  the  inner 
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eod  of  the  objeot-glass  slide  paeaes.  The  use  of  these  sets  of  sorewB 
will  be  explained  under  "  Adjaatme&ts." 

The  interior  spindle,  D,  which  supports  the  instrntnent,  and  on 
which  it  turns,  is  made  of  steel,  and  is  oarefnlly  fitted  to  the  in- 
terior of  a  hollow  socket  of  bell-metal,  which  has  its  exterior  sor- 
face  fitted  to  the  main  socket,  E,  of  the  tripod-head. .  The  hollow 
heU-metal  socket  is  held  in  place  by  a  washer  and  screw,  shown 
at  F. 

A  screw,  passing  throngh  the  main  socket,  E,  enters  a  groove 
in  the  exterior  of  the  bell-metal  socket,  and  fastens  the  instmment 
to  the  tripod-head. 

ADJUaTKKNTS. 
610,  The  line  of  collimation  of  the  telescope  should  be  horizon- 
tal when  the  babble  is  in  the  center  of  the  tube  ;  which  will  he  the 
case  when  this  line  is  parallel  to  the  plane  of  the  level.  Bnt  both 
this  line  and  this  plane  are  imaginary,  and  can  not  be  compared 
together  directly.  They  are  therefore  compared  indirectly.  The 
line  of  oollimation  is  made  parallel  to  the  bottom  of  the  collars, 
and  the  plane  of  the  level  is  then  made  parallel  to  them. 

519.  Pint  Acymtment  To  make  the  line  of  coUimation  parallel 
to  the  bottoms  of  the  collars. 

Sight  to  some  well-defined  point,  as  far  off  as  it  can  be  dis- 

Fia.  8S». 


tinotly  seen.  Then  reToWe  the  telescope  half  around  in  its  sap- 
ports — i.  e.,  tnm  it  npside  down.  If  the  line  of  collimation  was 
not  in  the  imaginary  axis  of  the  rings,  or  collars,  on  which  the 
telescope  rests,  it  will  now  no  longer  bisect  the  object  sighted  to. 
Thus,  if  the  horizontal  hair  was  too  high,  as  in  Fig.  369,  this  line 
of  collimation  would  point  at  first  to  A,  and,  after  being  tamed 
over,  it  would  point  to  B.  The  error  is  doubled  by  the  reversion, 
and  it  should  point  to  0,  midway  between  A  and  B.     Make  it  do 
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SO,  by  nnBcrewiDg  the  upper  capstan-headed  screT,  and  soreving  in 
the  lower  one,  till  the  horizontal  hair  is  brought  half-way  back  to 
the  point  B.  Itemeiuber  that,  in  an  erecting  telescope,  the  croaa- 
hairs  are  reversed,  and  vice  versa.  Bring  it  the  rest  of  the  way  by 
means  of  the  parallel  plate-screws.  Then  rerolve  it  in  the  wyes 
back  to  its  origioal  position,  and  see  if  the  intersection  of  the  croas- 
hairs  now  bisects  the  point,  as  it  should.  If  not,  again  rerolve, 
and  repeat  the  operation  till  it  ia  perfected.  If  the  vertical  hair 
passes  to  the  right  or  to  the  left  of  the  point  when  the  telescope  is 
tnmed  half  around,  it  must  be  adjusted  in  the  same  manner  by  the 
other  pair  of  cross-hair  screws.  One  of  these  adjostments  may 
disturb  the  other,  and  they  ehoald  be  repeated  alternately.  When 
they  are  perfected,  the  intersection  of  the  cross-hairs,  when  once 
fixed  on  a  point,  will  not  move  from  it  when  the  telescope  is  re- 
volved in  its  supports.  This  double  operation  is  called  adjusting 
the  line  of  coUimation. 

It  has  now  been  brought  into  the  center  line,  or  axis,  of  the 
collars,  and  is  therefore  parallel  to  their  bottoms,  or  the  points  on 
which  they  rest,  if  they  are  of  equal  diameters.  We  have  to  assume 
this  as  having  been  effected  by  the  maker. 

In  making  this  adjustment,  the  level  shonld  be  clamped,  but 
need  not  be  leveled. 

680.  Seooad  A^nitment  To  make  the  Mtome  of  the  coHan 
parallel  to  the  plane  of  the  level — i.  e,,  to  insure  their  being  Aor»- 
tontal  when  the  bubble  is  in  the  center. 

Clomp  the  instrument,  and  bring  the  bubble  to  tiie  center  by 
the  parallel  plate-screws.  Take  the  telescope  out  of  the  wyes,  and 
turn  it  end  for  end.  If  the  bubble  returns  to  the  center,  "  all 
right"  If  not,  rectify  it,  by  bringing  the  bubble  hajf-way  back, 
by  means  of  the  nuts  which  are  above  and  below  one  end  of  the 
bubble-tnbe,  and  which  work  on  a  screw.  Bring  it  the  rest  of  the 
way  by  the  plate-screws,  and  again  turn  end  for  end.  Bepeat  the 
operation,  if  necessary. 

If,  in  revolving  the  telescope  (as  in  the  first  adjustment),  the 
bubble  runs  toward  either  end,  it  must  be  adjusted  sidewiae,  by 
means  of  two  screws  which  press  horizontally  against  the  other  end 
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of  the  babble-tnbe.     This  part  of  the  adjaatment  may  derange  the 
precediog  part,  irhich  most,  therefore,  be  tried  again. 

081.  Third  A^jnitmont  To  cause  the  bubble  to  remain  in  the 
center  of  the  tube  lohen  the  telescope  is  turned  around  horizontaUy. 

To  verify  this,  bring  the  bubble  to  the  center  of  the  tnbe,  and 
then  tnm  the  telescope  half-way  aroand  horizontally.  If  the  bnb- 
ble  does  not  remain  in  the  center,  adjnst  it  by  bringing  it  half-way 
back  by  meana  of  the  nnts  at  the  end  of  the  leyel-bar.  Test  it  by 
bringing  it  the  rest  of  the  way  back  by  the  parallel  plate-screwe, 
and  again  taming  half-way  around. 

The  cause  of  the  difficulty  ia,  that  the  plane  of  the  level  is  not 
perpendicular  to  the  axis  abont  which  it  turns,  and  that  this  axis 
is  not  vertical.    The  above  operations  correct  both  these  fanlts. 

Thia  adjustment  is  mainly  for  convenience,  and  not  for  aooa- 
raoy,  except  in  a  very  small  degree. 

Some  iaatrumente  have  no  means  of  making  the  third  adjust- 
ment   They  mast  he  treated  thus  : 

Use  the  screws  at  the  end  of  the  bubble-tnbe,  to  cause  the  bob- 
ble to  remain  in  the  center  when  the  level  is  tnraed  sronnd  bori- 
sontally.  Then  make  the  line  of  collimation  parallel  to  the  level 
by  raising  or  lowering  the  cross-hairs. 

6S2.  When  levels  are  provided  with  the  means  of  centering  the 
eye-piece  and  object-glass,  these  operations  shoald  precede  the  first 
three  which  we  have  just  explained. 

Centering  the  Object- Olass.  Aiter  adjusting  the  line  of  collima- 
tion for  a  distant  object  (as  explained  in  the  "  First  Adjustment ") 
move  out  the  slide,  which  carries  the  ohject-glass,  until  a  point  ten 
or  fifteen  feet  distant  can  be  distinctly  seen.  Then  tarn  the  tele- 
scope half  over,  as  before,  and  see  if  the  intersection  of  the  cross- 
hairs bisects  the  point.  If  not,  bring  it  haU-way  back  by  the 
screws  0  0,  Fig.  365,  moving  only  one  pair  of  screws  at  a  time. 
Bepeat  the  operation  for  a  distant  point,  and  then  again  for  a  near 
one,  if  necessary.  We  have  now  adjusted  the  line  of  collimation 
for  long  and  short  sights,  and  may  assume  it  to  be  in  adjustment 
for  intermediate  ones,  since  the  bearings  of  the  slides  are  snpposed 
to  be  true,  and  their  planes  parallel  to  each  other. 
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Centering  the  Eye-Piece,  This  ia  to  enable  the  obserrer  to  see 
the  intersection  of  the  crosB-haire  precisely  in  the  center  of  the  field 
of  view  of  the  eye-piece.  It  is  adjusted  b;  meaoB  of  fonr  sorewa, 
two  of  which  are  shown  at  A  A. 

These  operations  are  performed  by  the  maker  so  permanently 
as  to  need  no  farther  attention  from  the  engineer,  and  the  heads  of 
the  screws,  by  which  these  adjustments  are  made,  are  coTeied  bj  ft 
thin  ring  whioh  protects  them  from  distorbanoe. 

62S.  Adjnstment  by  setting  between  two  points,  or  the  "  Peg- 
Method"  Drire  two  pegs  several  hundred  feet  apart,  and  set  the 
iostrnment  midway  between  them.  Level,  and  sight  to  the  rod 
held  on  each  peg.  The  difference  of  the  readings  will  be  the  tnte 
difference  of  the  heights  of  the  pegs,  no  matter  how  much  the  level 
may  be  out  of  adjustment. 

Then  set  the  level  over  one  peg,  and  sight  to  the  rod  at  the 
other.  Ueasnre  the  height  of  the  crose-hairs  above  the  first  peg. 
The  difference  of  this  and  the  reading  on  the  rod  should  equal  the 
difference  of  the  heights  of  the  two  points,  aa  preTioaalj  deter- 
mined. If  it  does  not,  set  the  target  to  the  snm  or  difference  of 
the  height  of  the  cross-hairs  above  the  first  peg,  and  the  true  dif* 
ferenoe  of  height  of  the  points,  according  as  the  first  point  is  higher 
or  lower  than  the  second,  and  hold  the  rod  on  the  second  point. 
Sight  to  it,  and  raise  or  lower  one  end  of  the  bnbble-tabe  until  the 
horizontal  orofls-hair  does  bisect  the  tai^t  when  the  bubble  is  in 
the  center.    Then  perform  the  "third  adjustment" 

Instead  of  setting  war  one  peg,  it  is  generally  more  convenient 


to  set  nesr  to  it,  and  sight  to  a  rod  held  on  it,  and  uae  this  reading 
instead  of  the  measured  height  of  the  oross-hurs. 
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N.  B.  — This  Terifioatiou  should  cXteays  be  used  for  every  levd, 
OTen  after  the  three  osoal  odjastmentB  have  been  made  ;  for  it  is 
independent  of  the  equality  of  the  collara. 

In  mnoing  a  long  line  of  levels,  let  the  last  sight  at  night  b6 
taken  midway  between  the  last  two  "  turning-point "  pegs,  sad  in 
the  morning  try  their  difFeienoe  by  setting  close  to  the  last  one. 
This  tests  the  level  every  day  with  very  little  extra  labor. 

524.  Egavlf  t  LeveL  In  this  level  the  babble-tube  is  not  con- 
nected with  the  telescope.     It  is  nsed  thus : 

Level  and  sight  as  nsaal.  Then  tnm  the  teleacope  upside  down, 
end  for  end,  and  half-way  aroand  horizontally,  and  dght  again. 
Half  the  sum  of  the  two  readings  is  the  correct  one,  no  matter  how 
much  the  instmmeat  is  ont  of  adjustment  (aeanming  the  collars  to 
p,o^  jpj,  be  of   equal  size)  ;  for 

the  errors  then  cancel 
each  other.  This  is  the 
one  used  principally  in 
France. 

The  rod  used  with  it 
is  marked  with  numbers 
onlyhalf  the  real  heights 
above  its  bottom.  Then 
the  swn  of  the  readings  is  the  true  ooe.  Thus  the  rod  itself 
takes  the  mean  of  tiie  readings. 


58(.  Tronjhton'a  LenL  In  this  the  babble  -  tube  is  perma- 
nently fastened  in  the  top  of  the  telescope-tube.  It  is  adjusted  by 
the  "  peg  method,"  or  some  aimilar  one,  the  cross-hair  being  moved 
up  or  down  until  the  observation  gives  the  true  difference  of  height 
of  the  pegs  when  the  bubble  is  in  the  center.  Then  make  the 
"  third  adjustment,"  by  means  of  the  screws  under  the  telescope. 
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528.  OraTBrtt'i  lerel,  or  the  "Hvoiftf  LereL"  This  lerel  haa  a 
Yury  large  telescope  tube  and  object  glass,  thas  giviog  more  light. 
The  babble  tube  is  on  top 
of  the  teleecope,  and  the 
bubble  can  be  eeen  by  the 
observer  in  a  small  in- 
(jlined  mirror.  There  is 
also  a  cross  level,  shown  at 
the  right-hand  end  of  the 
longitudinal  babble  tnbe, 
which  enables  the  instm- 
ment  to  be  leveled  with- 
out taming  the  telescope 
through  a  qoarter  revolu- 
tion several  times  to  make  sure  that  the  iustrument  is  properly 
leveled.  Although  originally  made  without  Ys,  as  shown  in  the 
figure,  it  is  now  also 
made  with  Ys. 

627.  Leaoir's  Ler- 
eL In  this  the  tele- 
scope carries,  at  each 
end,  a  steel  block, 
whose  npper  and  low- 
er faces  are  made  per- 
fectly parallel.  They 
are  placed  on  a  brass  circle,  which  is  made  level  by  reversing  a  level 
placed  upon  the  npper  surface  of  the  steel  blocks- 


688.  Tripods.  These  consist  of  three  legs,  shod  with  iron,  and 
connected  by  joints  at  the  top.  The  most  common  form  is  given 
in  Fig.  367.  Other  forms  are  given  in  Art  176.  Lightness  and 
stiffness  ai-e  the  desired  qualities. 

In  Gurley's  extension  tripod.  Fig.  374',  an  adjustable  piece  is 
held  in  any  desired  position  by  two  clamp  screws,  shown  on  the 
legs.     The  figure  shows  each  of  the  three  legs  of  different  lengths. 

"Quick-leveling"  tripod-heads,  for  quickly  setting  the  leveling- 
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plates  nearly  lovel,  are  made  of  various  pattenis.     Gurley's  attach- 
ment for  this  purpose  is  given  below.    The  arraugement  of  this 
attachment  will  be  readily  understood  by 
inspection  of  the  cut. 

To  use  the  quick-leveling  attachment, 
screw  the  instrument  on  the  tripod  as 
nsnal ;  if  not  Dearly  level,  unscrew  the 
leveling-head  a  very  little — a  bare  looaeu' 
ing  of  the  screw  is  sufficient.  The  instrn- 
Dient  will  then  be  free  to  move  upon  the 
spherical  surfaces,  A,  B,  C,  in  any  direc- 
tion required  to  bring  the  plates  approxi- 
mately level,  and  will  be  held  in  this  po- 
sition by  the  friction  of  the  same  surfaces. 

Now  screw  the  head  fast  again,  firmly 
clamping  the  whole  instrument  to  the 
tripod.  The  final  adjustment  of  the 
levels  is  then  completed  by  the  use  of 
the  leveling  screws. 

The  friction  of  the  spherical  sur- 
faces may  be  increased  or  diminished  at 
will,  by  turning  the  screws  (D)  which  compress  the  spiral-springs. 

The  cut  shows  the  Quick-Leveling  Attachment  as  screwed  fast 
to  a  tripod  of  any  pattern  now 


629.  Bods.  These  should 
be  made  of  light,  well-seasoned 
wood.  To  detect  whether  the 
rod  leans  to  or  from  the  in- 
strument, its  front  may  be 
angular  or  curved.     If  angu- 

lar,  when  held  leaning  toward 

the  instrument,  the  lines  of 
division  will  appear  as  in  Fig.  375.  When  leaning  from  the  in- 
strument, they  will  appear  aa  in  Fig.  376.  They  are  usually  divided 
to  feet,  tenths,  and  hundreths. 
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A  rod  leTel,  made  by  Ourley,  for  plumbing  the  rod,  is  shown  in 
Fig.  370',  On  the  left  the  level  is  shown  folded  for  carrying,  aod 
on  the  right,  attached  to  the  rod. 

Fis.  816'. 


S30.  Tar^.  This  is  a  plate  of  iron  or  brass,  attached  to  the 
rod  in  snch  a  way  that  tt  may  be  moved  ap  and  down  the  rod  and 
clamped  in  any  position.  Some  of  the  many  varieties  of  marking 
are  given  in  Figs.  377-385. 

Fio.  377.  Fio.  878.  Fio,  87&. 

^    ^    ^ 


Those  represented  in  Figs.  377,  378,  and  379  are  bad,  because 
the  croBs-bair  may  be  above  or  below  the  middle  of  the  target  by 
its  full  thickness,  as  magnified  by  the  eye-piece  of  the  telescope 
without  the  error  being  perceptible.     The  next  three,  Figs.  380^ 
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381,  and  382,  depend  upon  the  nicety  with  which  the  eye  can  de- 

termiae  if  a  line  biseots  an  aogle.     Fig,  383  depends  npon  the 

«cti™oj  with  ,hich  the  p,,,,^  ^^^,,  ^^^ 

eye  can  bisect  a  space. 

Fig.  384  depends  apon 

the  accaraoy  with  which  I 

the  eye  can    bisect    a 

circle.    Figs.  381,  382, 

and    385  are   the  best 

forms  for  ose.     Bed  and 

white  are  the  best  col* 


531.  Vernier.     The 

target  carries  a  vernier, 
by  which  smaller  spaces 
may  be  measured  than 
those  into  which  the 
rod  is  divided.  It  may 
be  placed  on  the  side  of 
an  aperture,  in  the  face 
of  the  target,  through 
which  the  diTisioos  ou 
the  rod  can  be  seen,  or 
carried  ou  the  back  or 
side  of  the  rod  by  the 
target-clamp. 

633.  The  Hew  Ytsik. 
Sod  (Fig.   386).     This  i  | 

is  usually  in  two  pieces, 
diding  one  upon  the 
other,  and  connected  by 
a  tongue.  It  ia  gradu- 
ated to  tenths  and  hnu- 
dredtbs  of  a  foot,  and 
08D  be  read  to  thousandths  by  the  vernier.    Up  to  six  feet  and  a 
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bali  the  target  is  used  as  on  other  tods.     For  greater  heights,   the 

target  is  fixed  at  six  aad  a  half  feet,  and  the  back  part  ol  the  rod, 

irhich  carries  the  target,  ia  shoTed  ap  (Fig.  386)  aotil  the  target  is 

bisected  b;  the  croBB-hairs.     Its  height  is  thea  read  off  on   the 

Bide  of  the  rod,  on  whioh  the  nambers  mn  downward,  and  on 

which  is  a  second  remier,  which  p\ea  the  preeiae 

reading.     It  ia  conTenient  for  its  portabilitj,  bnt  apt 

to  be  too  tight  or  too  loose,  as  the  weather  is  moist 

I  or  di7.    Sometimes  it  ia  in  three  pieces,  as  in  Fig. 


588.  The  BoitOB  Bod  (Pig.  888).  This  is  nsually 
iD  two  parts,  like  the  New  York  rod.  The  target  is 
rectangalar,  and  is  fastened  to  one  of  the  pieces  near 
its  extremity.  For  heights  less  than  six  feet,  the  rod 
is  held  with  the  target-end  down,  and  the  tai^t  is 
moved  np  bj  sliding  np  the  piece  which  carries  it. 
For  heights  above  six  feet,  the  rod  is  tamed  end  for 
end,  bringing  the  target^nd  np,  and  then  sliding  np 
the  piece  which  carries  the  target 

034  The  Fhiladdphia  Kod  (Fig.  389).  This  is 
in  tiro  parts,  held  together  by  brass  clamps,  and  is 
jnniished  with  a  target.  It  is  graduated  and  painted 
so  as  to  be  nsed  as  a  *'  speaking-rod,"  or  vith  a  tai^ 
get  When  the  target  is  nsed,  the  vernier  on  the 
target  is  read  for  height  up  to  seven  feet.  For 
greater  heights,  the  target  ia  clamped  at  seven  feet, 
and  the  part  to  which  the  target  is  clamped  is  slid 
up,  and  the  vernier  on  the  upper  clamp  is  used. 

030.  Bpeaking-Bodi.  These  are  rods  which  are 
read  without  targets,  the  divisions  and  subdivisions 
being  painted  on  the  face  of  the  rod.  They  produce 
great  saving  of  time  and  increase  of  accuracy. 

In  one  form  (Fig.  390)  the  face  of  the  rod  is  di- 
vided into  tenths  of  feet,  and  smaller  divisions  estimated. 
In  Bourdaloae*8  rod  the  dividona  are  each  four  oentimetiea 
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Fio.  tW. 


(1*6  inch),  and  sre  Dnmbered  at 
them  as  iu  Fig.  391. 
OravatfB  Sod 
(Fig.  392).  This  is 
divided  to  O-Ol  foot. 
The  apper  handiedth 
of  each  tenth  eztenda 
acroae  the  rod.  Eaoh 
half-tenth  is  marked 
h;  a  dot ;  each  half- 
loot  b;  tvo  dots. 
Erery  other  tenth  is 
nnmbered,  and  the 
nnmberB  are  each  O'l 
high.  It  is  in  three 
parts,  which  slide  into 
each  other  like  a  tele- 
scope. 

Barlow's  Sod  (Fig. 
893).  In  thia  the  di- 
vieiona  are  marked  by  triangies, 

Wia.  tn. 


half  their  ralne.    He  arranget 
Rs.  101  Fin.  itn:. 


i: 


It 


Pi 

B.  3 

91 

~ 

- 

^ 

- 

' 

' 

-2 
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' 

~ 
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- 
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^ 
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- 
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n 
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each  O'OS  foot  high,  so  that  it 
reads  to  hundredthe,  and  leas 
by  estimation.  This  is  based 
on  the  power  the  eye  has  iu  bi- 
eeoting  angles. 

StephBTUon's  Sod  (Fig.  894). 
This  is  based  npon  the  princi- 
ple of  the  diagonal  scale.  £ach 
tenth  is  bisected  by  a  horizon- 
tal line,  and  the  diagonals  en- 
able the  obserTer  to  read  to 
hnndredths. 

Conyb«ar^a  Rod  (Fig.  395). 
It  reads  to  hnndredths  of  a 
foot  by  means  of  the  cross-hair 
bisecting  the  tops  and  bottoms 
and  angles  of  hexagons     The 
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odd  tenths  are  made  white  and  the  eveii  ones  black.    The  figtuet 

am  placed  eo  that  their  centers  are  opposite  the  diridonB  thej 
refer  to, 

Pemberton'a  Bod  (Fig.  396). 
This  is  on  the  principle  of  nine 
vemiere  placed  side  by  side. 
It  reads  to  hundredths,  vhich 
are  given  bj  counting  np  from 
the  dot  which  the  hair  bisects, 
to  the  dot  in  the  same  rertieol 
line  which  la  bisected  by  one  of 
the  horizontal  lines  which  mark 
the  tenths.  The  inventor 
claims  that  it  can  be  read  nine 
times  as  far  as  Gravatt's. 

On    all    speaking  -  rods,    to 

avoid  oonfoanding  nnmbers,  such  as  3  and  8,  thej  may  be  marked 

thns: 

i.a.ni.4.v.6.7.8.ix.x.ii.  xn. 

The  French,  who  go  by  tenths,  use  the  following  : 
I.3.T.4.V.6.7.8.N.X. 

The  fignres  are  sometimes  placed  with  their  tops  on  a  level  with 
the  tops  of  the  dimensions  they  mark — e.  g.,  feet ;  and  sometimes 
with  their  middles  on  the  dividing  line. 

TEB  FBAOnOB. 
686.  Field  Rontinfl ;  or,  how  to  start  and  go  on : 
1.  The  rodman  holds  the  rod  on  the  starting-point,  which  may 
be  a  peg,  a  door^sill,  or  other  "bench-mark."     He  stands  sqoara 
behind  his  rod,  and  holds  it  as  nearly  vertical  as  possible. 

3.  The  leveler  sets  np  the  instrument,  somewhere  in  the  direc- 
tion in  which  he  is  going,  bnt  not  necessarily,  or  nsoally,  in  the 
precise  line.  He  then  levels  the  instrument  by  the  parallel  plate- 
screws,  sights  to  the  rod,  and  notes  the  reading,  whether  of  target 
or  speaking-rod,  as  a  " back-sight "  (B.  8.),  or  +  (plus)  sight; 
entering  it  in  the  proper  colnmn  of  one  of  the  tabular  forms  of 
field-book,  given  in  the  following  articles. 
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8.  The  rodman  ia  then  sent  ahead  aboat  as  far  as  he  vaa  be- 
iind,  and  he  there  drives  a  "  level-peg  "  nearly  to  the  Bnrface  of 
the  ground,  or  finds  a  hard,  well-defined  point,  and  holds  the  rod 
Dpon  it 

4.  The  leveler  then  again  sights  to  the  rod,  and  notes  the  read* 
ing  as  a  "fore-sight"  {F.  S.),  or  —  (minus)  sight  The  difference 
of  the  two  readings  is  the  difference  of  the  heights  of  the  points. 

5.  He  then  takes  up  the  instmment,  goes  beyond  the  rod,  any 
conrenient  distance,  sets  up  again,  and  proceeds  as  in  paragraph  3 ; 
and  so  on  for  any  number  of  points,  which  will  form  a  series  of 
pairs.  The  successive  observations  of  each  pair  give  their  differ- 
ence of  heights,  and  the  combination  of  all  these  gives  the  differ- 
ence of  heights  of  the  first  and  last  points  of  the  series. 

6.  If  the  vertical  cross-hair  be  strictly  vertical,  it  will  determint 
whether  the  rod  leans  to  the  right  or  left  To  know  whether  the 
cross-hair  is  vertical  or  not,  try  whether  it  coincides  with  a  plumb- 
line,  or  sight  to  some  fixed  point,  turn  the  telescope  from  sido 
to  side  horizontally,  and  see  if  the  horizontal  cross-hair  continues 
to  cover  the  spot  If  it  does  not,  turn  the  telescope  aronnd 
in  the  wyes  till  it  does  ;  then  it  is  truly  horizontal,  and  the  other 
hair,  being  perpendicular  to  it,  is  truly  vertical.  To  know  whether 
the  rod  leans  forward  or  backward,  have  the  rodman  move  it  from 
and  to  himself.  If  the  line  bisected  by  the  cross-hair  descends  in 
both  motions,  the  rod  was  vertical ;  if  the  line  rises,  the  rod  was 
leaning.    The  lowest  reading  is  the  true  one. 

7.  When  a  target  is  used,  signals  are  made  by  the  leveler  with 
the  hand,  "  ap"  and  "  down,"  to  indicate  in  which  direction  to 
move  the  target.  Drawing  the  hand  to  the  side  signifies  "  stop," 
and  both  hands  bronght  together  above  the  head  signifies  "  all 
right"  The  rodman  should  move  the  target  fast  at  first  and 
slowly  after  having  passed  the  right  point  When  signaled  "  all 
right,"  he  should  clamp  the  target  and  show  again.  Then  call  out 
the  reading  before  moving,  and  show  it  to  the  leveler,  as  either 
passes  the  other. 

8.  We  have  thus  far  supposed  that  only  the  difference  of  heights 
of  the  two  extreme  pointe  is  desired.  But  when  a  section  or  profile 
tA  the  ground  is  required,  the  rod  must  be  held  and  ol»erved,  at 
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each  change  of  slope  of  the  ground,  or  &t  regular  diBtances ;  nsn- 
ally,  for  railroad-work,  at  every  hundred  feet,  and  alao  at  any 
change  of  slope  between  those  points. 

Any  number  of  points,  within  Bight,  may  have  their  relative 
heights  determined  at  one  setting  of  the  level. 

The  names  back-sight  (B.  S.)  and  fore-sight  (F.  S.)  do  not 
necessarily  mean  sights  taken  looking  forward  or  backward  (though 
they  are  generally  so  for  toming-points),  but  the  first  sight  taken, 
after  setting  np  the  instrument,  is  a  B.  S.  or  -|-  (pins)  sight,  and  all 
following  ones,  taken  before  removing  the  instmment,  are  F.  S.'s, 
or  —  (minus)  sights.  The  full  meaning  of  this  will  appear  in  oon- 
sidering  the  forms  of  field-book. 

All  but  the  first  and  last  points  sighted  to  are  called  intemu' 
diate poinis,  or  "intermediates."  The  last  point  sighted  to  before 
moriDg  the  instmment  is  called  a  turning-point,  or  changing- 
point. 

The  first  and  last  sights,  taken  at  any  one  setting  of  the  instm- 
ment, require  the  greatest  possible  accuracy.  The  intermediate 
points  may  be  taken  only  to  Uie  nearest  tenth,  or  hundredth  at 
most ;  because  any  error  in  them  will  not  affect  the  final  result^ 
but  only  the  height  of  that  single  point  at  which  it  was  taken. 

Two  rodmen  are  often  used  to  save  the  time  of  the  leveler. 
Then  it  is  well  to  use  a  target-rod  for  the  "turning-points,"  which 
are  often  distant  and  need  most  precision,  and  a  speaking-rod  for 
the  intermediate  points.  Where  one  rod  is  nsed,  the  rodman 
should  keep  notes  of  the  readinga  at  the  turning-points. 

637.  Fleld-HotM.  The  beginner  may  sketch  the  heights  and 
distances  measored,  in  a  profile  or  side  view,  as  in  Fig.  397.  Bab 
when  the  observations  are  namerons,  they  should  be  placed  in  one 
of  the  tabular  forms  given  on  the  following  pages. 

688.  First  Torm  of  Tield-Book.  In  this,  the  names  of  the  points 
or  "  stations,"  whose  heights  are  demanded,  are  placed  in  the  first 
column,  and  their  heights,  as  finally  ascertained,  in  reference  to 
the  first  point,  in  the  last  column.  The  heights  above  Uie  starting- 
point  are  marked  -|-,  and  those  below  it  are  marked  — .    The  back- 
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fdght  to  any  station  is  placed  on  the  line  beloT  the  point  to  which 
it  refers.     When  a  back-sight  exceedfi  a  fore-Bight,  their  difierenoe 


ia  placed  in  the  column  ot  "  Rise  "  ;  when  it  is  less,  their  difference 
is  a  "  Fall."  The  following  table  represents  the  same  observatione 
as  the  last  figure,  and  their  carefnl  comparison  will  ezplun  any 
obscurities  in  either : 


«.„o»r 

DlaTAMOn. 

MOEn. 

Biaon. 

»» 

«i^ 

A 

B 

100 

S-00 

6-00 

—4-00 

-4-00 

0 

60 

800 

400 

-1-00 

-S-00 

D 

40 

a-00 

I -00 

+  1-00 

-4-00 

E 

70 

6-00 

1-00 

+6-00 

+  1-00 

F 

SO 

a-00 

6-00 

-4-00 

—8-00 

IS -00 

18-00 

-8-00 

The  aboTe  table  shows  that  B  is  4  feet  below  A ;  that  U  is  K 
feet  below  A ;  that  E  is  1  foot  above  A  ;  and  so  on.  To  test  the 
oalcnlations,  add  up  the  back-sights  and  fore-sights.  The  differ- 
ence of  the  snma  should  eqnal  the  last  "  total  height" 

An  objection  to  this  form  is  that  the  baok-eigbts  come  on  the 
Hne  beUm  the  station  to  which  they  are  taken,  which  is  embarrass* 
log  to  a  beginner. 

When  "  intermediate "  obserrationB  are  taken,  the  "  fore- 
sights "  taken  to  these  intermediate  points  are  put  down  in  their 
,  proper  column,  and  are  also  set  down  in  the  column  of  "back- 
dghts  "  ;  so  that,  when  the  two  columns  are  added  up,  anj  error  in 
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these  intermediate  sights  (which  are  nsnall;  not  taken  very  acca- 
rat6ly)  will  be  canceled,  and  will  not  affect  the  final  result  The 
effect  ia  the  same  aa  if,  after  the  fore-sight  to  the  intermediate  point 
had  been  taken,  the  instromeot  had  been  taken  np  and  set  down 
again  at  precisely  the  same  height  as  before,  and  a  back-sight  had 
then  been  taken  to  the  same  point.  Hence,  in  this  form,  the 
"  taming-points "  are  those  stations  which  have  different  back- 
dghta  and  fore-sights,  while  those  which  hxre  them  the  same  are 
"intermediates." 

The  following  fignre  and  table  repr^ent  the  same  grooDd  bb  the 


preceding  one,  bnt  with  only  two  settinga  of  the  instmment.    D  ia 
the  turning-point: 


(UTiom. 

DMTilCOBS. 

BICK- 

.1^- 

««. 

-^ 

BMlBWn. 

A 

0-00 

B 

8-00 

-4-00 

0 

6-00 

1-00 

-5-00 

D 

7-00 

6-00 

1-00 

-400 

E 

9-00 

4-00 

0-00 

+  1-00 

V 

4-00 

8-00 

400 

-8-00 

+28-00 

-81-00 

800 

In  leveling  for  "sections,"  the  distances  between  the  points 
leveled  mnst  be  recorded.  They  are  nsaall;  pat  down  after  the 
stations  to  which  they  are  measured  ;  althoagh  in  sarveying  with 
the  compass,  etc.,  they  are  pnt  down  after  the  stations /rom  which 
they  are  measared.    In  the  following  notes,  which  contain  inter- 
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mediate  Btations,  they  are  pat  down  before  the  stations  to  vhich 
they  are  measured.  It  abonld  be  remembered  that  these  distances 
are  measured  between  the  points  at  which  the  rod  is  held,  aod  have 
no  reference  to  the  points  at  which  the  inatrnment  is  set  up ; 


r,««o». 

«^«<«. 

BiaHTB.-l- 

BISHTS.  — 

BUI. 

,*^ 

TOTAL 

BBtaan. 

360 

91-897 

100 

261 

4-076 

8-726 

0-860 

92-247 

100 

262 

6-420 

4-500 

0-930 

93-167 

100 

288 

4-600 

8-170 

1-880 

94-487 

40 

2e8-« 

4-910 

4-988 

0-028 

94-469 

60 

264 

4-988 

6-S36 

1-448 

98-021 

100 

266 

S-S80 

4-640 

1-860 

91-701 

100 

266 

4-640 

6-400 

0-760 

Bl-OOl 

70 

266  70 

3-760 

8-070 

0-810 

80-691 

80 

267 

8-070 

8-760 

0-680 

90-011 

100 

a«8 

6-760 

6-926 

8-176 

86-886 

41-844 

46-606 

-4-661 

41-944 

+81-887 
B6-886 

-4-661 

639.  Seoood  Pom  of  Tield-Book.  This  is  presented  below.  It 
^  refers  to  the  same  stations  and  levels  noted  in  the  first  table,  and 
shown  in  Fig.  3d7 : 


„.™... 

^^^. 

^s;. 

i£™. 

."sr.. 

000 

A 

B 

100 

2-00 

+  2-00 

6-00 

-4-00 

0 

«0 

8-00 

-1-00 

4-00 

-6-00 

D 

40 

2-00 

-3-00 

1-00 

—4-00 

E 

70 

8-00 

+  2-00 

1-00 

+  1-00 

F 

60 

2-00 

+  3-00 

6-00 

-8-00 

16-00 

18-00 

—8-00 

In  the  preceding  form  it  will  be  seen  that  a  new  column  is  in* 
trodnced,  containing  the  height  of  the  instrument — i.  e.,  of  its  line 
of  sight — not  above  the  gronnd  where  it  stands,  but  above  the 
Datum,  or  starting-point,  of  the  levels.  The  former  columns  of 
"  rise  "  and  "  fall "  are  omitted.  The  preceding  notes  are  taken 
thus  :  The  height  of  the  starting-point,  or  "  datum,"  at  A,  is  0*00. 
The  instminent  being  set  up  and  leveled,  the  rod  is  held  at  A. 
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The  back-sight  upon  it  is  2*00  ;  therefore  the  height  of  the  instni- 
ment  is  also  2-00.  The  rod  is  next  held  at  B.  The  tore-sight  to 
it  is  6*00.  That  point  is  therefore  6*00  below  the  instrument,  or 
S-OO  —  600  =  —  4*00  below  the  datnm.  The  instrnment  ie  now 
moved,  and  again  eet  ap,  and  the  back-sight  to  B,  being  3*00,  the 
height  of  the  instrnment  is  —  4-00 -|- 3-00=  —  I'OO,  and  so  on  ; 
the  height  of  the  iDstmment  being  always  obtained  by  adding  the 
back-sight  to  the  height  of  the  peg  on  which  the  rod  is  held,  and 
the  height  of  the  next  peg  being  obtained  by  cnbtracting  the  fore- 
sight to  tbe  rod  hold  on  that  peg,  from  the  height  of  the  instrnment. 

This  form  is  better  than  the  first  form,  in  leveling  for  a  section 
of  the  ground  to  make  a  profile ;  or  when  several  observations  are 
to  be  made  at  one  setting  of  the  level ;  or  when  points  of  desired 
heights  are  to  be  estabtisbod,  as  in  "leveling-locatloQ." 

Thb  form  may  be  modified  by  pntting  the  back-sights  on  the 
same  line  with  the  stations  to  which  they  are  taken.  This  avoids 
the  defect  of  the  first  form,  but  introduces  the  new  defect  of  writ- 
ing them  down  f^ter  the  nnmber  which  they  precede,  in  a  back- 
handed way,  which  may  be  a  source  of  error. 

This  modification  is  shown  in  the  following  table,  which  cor-  ' 
responds  to  Fig.  398.  In  the  column  of  fore-sights,  the  "tnm- 
ing-points"  (T.  P.),  and  "intermediate  points"  (Int.),  are  pnt  in 
separate  columns  ;  so  that,  to  prove  the  work,  the  difference  of  the 
sum  of  the  back-sights  and  of  the  snm  of  the  turning-point  foro- 
sigbts,  is  the  number  which  should  eqnal  the  difference  of  the 
heights  of  the  first  and  last  points  : 


^.r.^,. 

pbtah™ 

..li^v 

HlieHT  OF 

0*00 
—4*00 
-6*00 
-4-00 
+  1-00 
-8-00 

T-r. 

art. 

A 
B 

0 
D 
B 

F 

S-00 
900 

+  2*00 
+  6*00 

6-00 
8-00 

«-00 
7-00 

4-00 

+  11-00 

— 14-00 
+11-00 

-8-00 
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When  a  line  ia  divided  up  into  stations  of  100  feet  each,  as  on 
railroad-work,  the  number  of  the  station  indicates  ite  distance  from 
the  starting-point  Whea  aa  observation  is  taken  at  a  point  be- 
tween these  hundred-feet  stations,  it  is  noted  aa  a  decimal,  thas : 
Station  4-60  ia  460  feet  from  the  starting-point.  In  the  field-notes 
of  such  work,  the  column  of  distances  may  be  omitted.  The  turn- 
ing-points and  intermediate  stations  of  the  foresights  maj  be  placed 
in  the  same  column.  In  the  following  table  the  colnmn  of  stations 
indicates  the  distances  of  the  stations  from  the  starting-point,  and 
the  foresights  are  placed  in  one  colnmn.  Tbe  heights  and  dis- 
tances are  the  same  as  in  the  last  table  in  Article  638.  This  form  of 
field-book  is  much  need. 


„.™™. 

B^<.™«™, 

™^.«„™. 

aao 

4-576 

95-B7S 

91 

897 

S61 

5-420 

97- 667 

8-75M 

92 

347 

883 

4-SOO 

98 

167 

268 

4-910 

99-41)7 

8-170 

94 

497 

363-40 

4-9S8 

94 

469 

364 

8-380 

96-401 

6-388 

98 

031 

366 

4-640 

91 

761 

266 

2-760 

98-761 

6-400 

91 

001 

366-70 

8-070 

90 

691 

267 

8-760 

90 

Oil 

3«8 

6-925 

86-886   I 

MO.  Third  Form  of  Field-Boc^  In  this  the  back-sights  are 
placed  directly  under  the  height  of  the  station  to  which  tliej  are 
taken,  which  lessens  tbe  chance  of  making  mistakes  in  adding  to 
get  the  height  of  instrument  The  height  of  instrument  is  distin- 
guished by  being  included  between  two  horizontal  lines.  The  fol- 
lowing table  refers  to  the  same  ground  as  the  preceding  one : 
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»»»«. 

.««„ 

SfiO 

an 

262 
268 

+40 
264 

86S 
266 

+  70 
267 
268 

8-728 

4-500 
8-170 

4-988 
6-886 

4640 
6-400 

8-070 
3-7B0 
6'B25 

fll-897 
4-676 

95-978 

92-347 
6-420 

97-667 

98-167 
94-497 
4-910 

B9-407 

94-460 
98-021 
8-880 

96-401 

91-781 
91-001 
2760 

93-761 

80-691 
BO-011 
86-886 

Ml.  Bwt  Length  of  BfghU.  There  are  two  classes  of  inaocn* 
nciea.  With  very  long  sights,  the  errors  of  imperfect  adjustment 
and  cnrratare  are  greatest ;  the  former  Tarying  as  the  length,  and 
the  latter  as  the  sqnare  of  the  length.  With  very  short  sights,  and 
therefore  more  Domeroos,  the  errors  of  inaccurate  sighting  at  the 
target  are  greatest.  The  best  nsual  mean  is  from  SOO  feet  to  300 
feet,  or  more  if  equal  distances  for  back-sights  and  foTe.^ghta  to 
turning-points  can  be  obtuned. 

MS.  Equal  Diitanoea  of  Sfgh.t  They  are  always  rery  desirable. 
They  are  most  easily  determined,  when  do  stakes  have  been  pre- 
riously  set,  by  "  stadia "  oroas-hairs  in  the  telescope  of  the  lereL 

M3,  Datnm-LereL  This  is  the  plane  of  reference,  from  which, 
above  it  or  below  it,  asnally  the  former,  the  heights  of  all  points  oi 
the  line  are  reckoned. 
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It  may  be  taken  aa  the  height  of  the  atarting-point.  If  the  line 
deeoeuda,  it  is  better  to  c^l  the  atartiug-point  10  feet  or  100  feet 
above  some  imaginary  plane,  bo  that  pointa  below  the  starting- 
point  may  not  hare  minns-signa. 

It  is  desirable  to  refer  all  levela  ia  a  conntry  to  some  one  datum. 
This  is  nsnally  the  surface  of  the  sea,  and,  for  general  pnrposes, 
mean  tide  is  best.  Low-toater  mark  should  be  the  datnm  when  the 
levelings  are  connected  with  harbor-snrreys,  whose  sonndinga  al- 
ways refer  to  low  water.  Highrwater  mark  should  be  used  when 
the  levelingB  relate  to  the  drainage  of  a  country. 

541.  Benoh-Karb  (R  X.).  These  are  permanent  objects,  nat- 
oral  or  artifioial,  whose  heights  above  the  datum  are  determined 
and  recorded  for  fatnre  reference. 

Good  objects  are  these :  Pointed  tops  of  rocka,  tope  of  mile~ 
stones,  stone  door-ailU,  tops  of  gate-poata  or  hinges,  aod  generally 
any  object  not  easily  disturbed,  and  easily  described  and  found. 

A  knob  made  on  the  apreading  root 
of  a  tree  is  good.  A  nail  may  be 
driven  in  it,  and  the  tree  "  blazed " 
aud  marked,  as  in  Fig.  399.  A  stake 
will  do  till  froat. 

Bench-marks  should  be  made  near 
the  starting-point  of  a  line  of  levels ; 
near  where  the  line  crosses  a  road  ;  on 
each  side  of  a  river  croseed  by  it ;  at  the  top  and  bottom  of  any 
bigh  hill  passed  over  ;  and  always  at  every  half-mile  or  mil& 

The  precise  location  aud  description  of  every  bench-mark  should 
be  noted  very  fully  and  precisely,  and  in  each  a  way  that  an  entire 
stranger  ooald  find  it,  with  the  aid  of  the  notes. 

546.  Oheok-LeTela,  or  Tett-Lereli.  No  single  set  of  levela  la  to 
be  trusted  ;  but  they  must  be  tested  by  another  set,  run  between 
the  bench-marks  (B.  H.'8),  though  not  neceasarily  over  the  same 
ground. 

A  aet  of  levels  will  verify  themselves  if  they  come  around  to  tlu 
starting-point  again. 


Fio.  8S>. 
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846.  Limits  at  PrediioiL  Errors  and  inaccuracies  ehonld  be 
carofullj  diGtinguislicd.  For  the  latter,  every  leveler  mast  make  a 
Btandard  for  himself,  so  ae  to  be  able,  in  testing  faia  work,  to  dis- 
tingnisfa  any  real  error  from  his  usuai  inaccuracy. 

The  reanlt  of  fonr  sets  of  lerelingB,  in  France,  of  from  45  to  140 
miles,  averaged  a  difference  of  ^  foot  in  43  miles,  and  the  greatest 
error  was  (  foot  in  66  miles. 

A  French  leveler,  M.  Bonrdaloae,  contracted  to  level  the  bench- 
marks of  a  railroad  anrvey  to  within  0*003  foot  per  mile,  or  ^  foot 
per  50  miles. 

In  Scotland,  the  difference  of  two  sets  of  levels  of  26  miles  was 
O-OSfoot. 

547.  TIlal-IleTall^  or  Flyisg-Lereli.  Their  object  is  to  get  a 
general  approximate  idea  of  the  comparative  heights  of  a  portion 
of  the  country,  as  a  gnide  in  choosing  lines  to  be  leveled  more  ac- 
curately. More  rapidity  is  required,  and  less  precision  is  necessary. 
The  distances  may  be  measured  at  the  same  time  by  stadia-hairs. 

648.  Levsling  for  Sectioni.  The  object  of  this  is  to  measnre  all 
the  ascents  and  descents  of  the  line,  and  the  distances  between  the 
points  at  which  the  slope  changes  ;  so  that  a  section  or  profile  of  it 
can  be  made  from  the  observations  taken. 

The  line  of  a  railroad  is  nasally  set  ont  by  a  party  with  compass 
or  transit,  who  drive  at  every  hnndred  feet  a  large  stake  with  the 
number  of  the  station  on  it,  and  beside  it  a  small  level-peg,  even 
with  the  surface  of  the  groaod,  Od  this  the  rod  is  held  for  the 
observations.  The  level-peg  is  set  in  "  line,"  and  the  large  stake  » 
foot  or  two  to  one  side. 

849.  Fn^lw.  A  profile  is  a  section  of  ground  by  a  rertioal 
plane  or  cylindrical  surface,*  passing  through  the  line  along  whicb 
a  profile  is  desired.  It  represents  to  any  desired  scale  the  heights 
and  distances  of  the  various  points  of  a  line,  its  ascents  and  de- 
scents, as  seen  in  a  side  view.    It  is  made  thus  :  Any  point  on  the 

*  A  cjllndrkal  BUi&ee  li  bere  understood  to  mean  that  formed  bj  a  Hne  morti^ 
puallil  to  Itself  altHig  atig  line,  inite«d  of  onlj  a  drde,  u  in  elementaiy  goMiietiT. 
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paper  being  asmmed  for  the  fiiBt  station,  a  horizontal  line  ia  drawn 
throQgb  it ;  the  distance  to  the  oezt  station  is  measured  along  it, 
to  tbe  required  scale ;  at  the  termination  of  this  distance  a  vertical 
line  is  drawn  ;  and  the  given  height  of  the  second  station  above  or 
below  the  first  is  set  off  on  this  vertical  line.  The  point  thus  fixed 
determinee  the  second  station,  and  a  line  joining  it  to  tbe  first  sta- 
tion represents  the  slope  of  tbe  ground  between  the  two.  The  pro- 
cess is  repeated  for  the  next  station,  etc. 

Bnt  tbe  rises  and  falls  of  a  line  are  always  very  small  in  propor- 
tion to  the  distances  passed  over,  even  roonntains  being  merely  as 
the  ronghnessea  of  the  rind  of  an  orange.  If  the  distances  and  the 
heights  were  represented  on  a  profile  to  the  same  scale,  the  latter 
would  be  hardly  visible.  To  make  them  more  apparent,  it  is  usual 
to  "exa^erate  tbe  vertical  scale  "  tenfold,  or  more — i.  e.,  to  make 
the  representation  of  a  foot  of  height  ten  times  as  great  as  that  of  a 
foot  of  length,  as  in  Fig.  397,  in  which  one  inch  represents  one 
handred  feet  for  tbe  distances,  and  ten  feet  for  the  beigbt& 

In  practice,  engraved  pixifile-paper  is  generally  used,  which  is 
mled  in  squares  or  rectangles,  to  wbicb  any  arbitrary  values  may 
be  assigned. 

When  the  line  leveled  over  is  not  str»ght,  the  profile,  whose 
length  is  that  of  tbe  line  straightened  out,  will  extend  beyond  the 
"plan"  when  both  are  on  the  same  sheet 

660i  GroM-Lerelt.  These  abow  tbe  beigbts  of  the  ground  on  a 
line  at  right  angles  to  tbe  main  line.     They  give  "  cross-sections  " 


of  it.    In  the  note-book  they  are  pnt  on  the  right-hand  pagei 
They  may  be  taken  at  the  same  time  with  the  other  levels,  or  inde- 
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pendency.  In  taking  crosB^leTels  where  the  slopes  are  quite  steep, 
as  in  mouatain  districts,  frequent  settings  of  the  iostrnment  are 
neceseary. 

A  mnch  more  rapid  method  is  by  the  use  of  "  cross-seotioD 
rods."  These  are  two  rods,  one  of  which  is  aboat  ten  or  twelve 
feet  long,  proyided  with  a  bnbhle-tnhe  near  each  end,  so  as  to  be 
held  terel,  and  gradaated  to  feet,  tenths,  and  hundredths.  The 
other  is  simply  a  graduated  rod.  The  manner  of  nsing  them  is 
shown  in  fig.  400, 

A  slope-lerel  is  sometimes  need.    (See  "  Angular  Surveying. ") 

DI7PI0UUIBS. 

861.  Bleep  filopei.  In  descending  or  ascending  a  bill,  the  in- 
etroment  and  the  rod  should  be  so  placed  that  the  sight  should 
strike  as  near  as  possible  to  the  bottom  of  the  rod.  on  the  up-hill 
side,  and  the  top  of  the  rod  on  the  down-hill  side. 

Try  this  by  leveling  over  two  screws,  setting  the  instrument  so 
that  one  pair  of  opposite  plate-screws  shall  point  in  the  direction  of 
the  line,  but  do  not  be  too  particular ;  it  is  a  waste  of  timeu 

Doing  this  produces  sigbt«  of  unequal  length.  The  rod  being 
about  three  times  as  high  as  the  instrument,  the  down-hill  sights 
will  be  about  doable  the  length  of  the  up-hill  ones,  as  shown  in 
Fig.  401.     Then  set  to  one  side  of  the  line.     This  is  i 


slopes  BO  Bteep  that  the  rod  is  too  near  the  level  to  be  read.  IS.  this 
be  impossible,  keep  notes  of  the  lengths  of  the  sights  to  the  turn- 
ing-points, backward  and  forward,  and  as  soon  as  possible  take 
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eights  uoeqnal  in  the  contrary  direction  till  the  difierences  of 
lengths  balance  the  former  ones.  When  approaching  a  long  ascent 
or  descent,  make  these  compensations  in  advance. 

Id  leveUng  over  a  line  of  stakes  already  set,  as  on  a  railroad,  at 
every  100  feet,  if  the  line  of  sight  strikes  not  quite  up  to  one,  drive 
a  peg  as  high  as  you  can  see  it,  and  make  it  atuming-point,  noting 
it  "peg"  in  the  field-book. 

In  leveling  across  a  hill  or  hollow,  instead  of  setting  the  inetm- 


ment  on  the  top  of  the  hill  or  bottom  of  the  hollow,  time  will  be 
saved  by  the  method  represented  in  Figs.  403  and  403. 
Fia.  40S. 


5SS.  When  the  rod  it  a  little  too  low,  raise  it  alongdde  of  i 
stake,  or  the  body,  and  put  the  top  of  the  rod  "  right " ;  then  meaa- 
nre  down  from  the  bottom  of  the  rod,  and  add  it  to  its  length. 

653.  When  the  rod  is  a  little  too  high,  so  that  the  line  of  sight 
strikes  the  peg  below  the  bottom  of  the  rod,  measure  down  from 
the  top  of  the  peg,  and  ptit  down  the  sight  with  a  contrary  sign  to 
what  it  wonld  have  had — i.  e.,  if  a  back-sight  make  it  minus,  and 
if  a  tore-eight  make  it  pins. 
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K51.  When  the  rod  is  too  near.  When  do  figure  is  visible,  raiae 
the  rod  sloirly  till  a  fi^re  comes  in  sight.  If  too  near  to  read, 
uid  there  is  no  target,  tiee  a  field-book  as  target.  If  the  iustru- 
ment  is  exactly  over  the  peg,  metisare  up  to  the  height  of  tiie  croas- 
haira,  as  given  by  the  Bide-ecrevB. 

500.  Wateb,  a. — A  pond  too  wide  to  he  sighted  acrott.  Drive 
a  peg  to  the  level  of  the  water,  on  the  first  side,  and  obeerve  its 
height,  as  an  F.  S.  Then  drive  a  peg  on  the  other  side  of  the 
pond,  also  to  the  anrface  of  the  water.     Hold  the  rod  on  it     Set 


up  the  level  beyond  it,  and  sight  to  it  as  a  B.  S.,  and  pnt  down 
the  observation  as  if  it  had  been  taken  to  the  first  p^. 


«««»««. 

..„,c«. 

^^^,^ 

• 

6-0 

T4 
74-89  ) 

8re»  ( 

co-oo 

48-00 

8-00 
«-00 

68*00 
MOO 

There  most  be  no  wind  in  the  direction  of  the  lino  of  level. 

B. — For  leveling  across  a  ratming  stream.  Set  the  two  pegs  in 
a  line  at  right  angles  to  the  current,  althongh  the  line  to  be  leveled 
may  cross  it  obliqnely. 

It  a  profile  or  section  of  the  gronnd  under  the  water  be  re- 
quired, find  the  height  of  the  surface,  and  measure  the  depUis  be- 
low this  at  a  snfQcient  number  of  points,  measnring  the  distances 
also,  and  pnt  these  depths  down  as  fore-sighta. 

056.  A  Swamp,  or  Kanh.  This  can  not  be  treated  like  a  pond, 
for  the  water  may  seem  nearly  stagnant  while  its  sorface  has  con- 
siderable slope,  its  Sow  being  retarded  by  vegetation.  If  only 
slightly  "shaky,"  have  an  observer  at  each  end  of  the  leveL     If 
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more  so,  piuh  the  legs  down  its  far  as  the;  will  go,  and  let  both 
observers  lie  down  on  their  sides.  If  still  more  "shaky,"  drive 
three  stakes  or  piles,  to  support  the  legs  of  the  tripod,  and  stand 
the  tripod  on  them. 

A  water-level  will  level  itaelf.  Use  that  for  intermediate  points 
on  the  swamp,  and  test  the  result  b;  leveling  around  tbe  swamp 
with  the  qiirit-level. 

807.  Unduirood.  If  it  can  not  be  cut  away,  set  the  instmment 
on  some  eminence,  natural  or  artificial. 

558.  Board  Feniw.  Run  a  knife-blade  through  one  of  the 
boards,  and  hold  the  rod  npon  it  on  each  side  of  the  fence,  as  if  it 
were  a  peg,  keeping  the  blade  in  the  same  horizontal  position  while 
the  rod  and  inBtrnment  are  taken  over, 

559.  A  Wall  First  Meiho^.  Drive  a  peg  at  the  bottom  of 
tbe  wall,  on  the  first  side,  and  observe  on  it.  Measure  the  height 
of  the  wall  above  the  peg,  and  put  this  down  as  a  B.  S.  Drive 
another  peg  on  the  other  side  of  the  wall ;  measure  down  to  it 
from  the  top  of  tbe  wall,  and  put  that  down  as  an  F.  S.,  jnst  as  if 
the  level  had  been  set  in  the  air  at  the  height  of  the  top  of  tbe 


mil,  and  this  B.  S.  and  V.  S.  had  been  really  taken.     Set  np  the 
instniment  beyond  the  wall,  take  a  B.  S.  to  this  peg,  and  go  on  aa 
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Second  Method.  Mark  where  the  line  of  sight  etrikes  the  wall ; 
measure  up  to  the  top  of  the  wall,  and  put  this  down  as  an  F.  S., 
with  a  plus-sigD,  as  in  563,  where  the  line  of  sight  etrack  helow 
the  top  of  the  peg. 

On  the  other  aide  of  the  wall,  sight  back  to  it,  and  mark  where 
the  line  of  sight  strikes.  Measure  to  the  top  of  the  wall,  and  pat 
this  down  as  a  B.  S.,  with  a  minn£-sign,  and  tiien  go  on  as  usual 

580.  Home.  First  try  to  find  some  place  for  the  instmment 
from  which  jou  caa  see  through,  by  opening  doors  or  windows. 
Or,  find  some  place  in  the  house  where  you  can  set  the  instrument 
and  see  hotb  ways,  or  hold  the  rod  at  some  point  inside,  and  look 
to  it  from  front  and  back.  A  straight  stick  may  be  used  if  the  rod 
can  not  be  held  upright,  and  the  height  measured  on  the  rod. 

861.  Uu  Bon.     It  often  causes  the  leveler  mnch  difficulty — 

1.  By  shining  in  the  object-glass.  If  the  instmment  baa  a 
shade  on  it,  draw  it  out  If  not,  shade  the  glass  with  your  hand 
or  hat,  or  set  the  iuBtrument  to  one  side  of  the  line. 

2.  By  heating  the  leTel  unequally  in  all  its  parts.  Holding  an 
umbrella  over  it  will  remedy  this. 

8.  By  causing  irregular  refraction.  Some  parts  of  the  ground 
become  heated  more  than  others,  and  therefore  rarefy  the  aii  at 
those  places.     This  can  not  be  avoided  nor  corrected. 

562.  Wind.  Watch  for  lulls  of  wind,  and  observe  then  several 
times,  and  take  the  mean.     The  least  wind  is  at  daybreak. 

563.  Idiosynoraaiei.  Different  persons  do  not  see  things  pre- 
cisely alike.  Each  individual  may  have  an  inaccuracy  peculiar  to 
himself.  One  may  read  an  observation  higher  or  lower  liian 
another  equal  in  skill,  Also,  a  person's  right  and  left  eye  may 
differ.  This  difference  in  individnals  is  termed  their  "  personal 
equation." 

To  test  the  accuracy  of  your  eye,  turn  the  head  so  as  to  bring 
the  eyes  in  the  same  vertical  line,  and  sight  to  the  rod  held  hori- 
sontally.     Note  where  the  vertical  hair  strikes.     Then  tarn  the 
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head  to  the  other  side,  so  as  to  invert  the  poBition  of  the  eyes,  and 
then  sight  again.  As  before,  the  mean  of  the  two  readings  is  the 
correct  one. 

ftSl.  Redproeal  Leveling.  Thia  is  to  be  osed  when  it  is  im- 
poflsible  to  set  midway  between  the  two  points,  and  the  distance 
ean  not  be  readily  determined. 

Set  the  iDstrnment  over  A,  and  sight  to  a  rod  at  B,  and  note 

FM.  406. 


reading.  The  difference  of  the  reading  and  of  the  height  of  the 
onus-hairs  gives  a  difference  of  height  of  A  and  B.  Then  set  np 
at  B,  and  observe  to  A,  similarly.  A  new  difFerence  of  height  is 
obtained.     The  mean  of  these  two  is  the  correct  one. 

Ht.  of  cros8-hair»  above  peg  at  A=4*8'  Ht.  of  cross-h&ira  al>ove  peg  at  Bm4'9' 
Observation  to  B=T'0'  Observation  to  A=4'2' 

Diff.  of  height     =27'  Diff-  at  height     =0*7' 

True  dlffewnoe  =  1  (2-T'+  0'7'>  =  1-7'. 

Otherwise,  set  the  instminent  at  an  eqnal  distance  from  each 
point,  as  A'  and  B',  and  observe  to  each  in  turn.  The  mean  of 
the  two  differences  of  height  obtained  will  be  the  trae  difference^ 
as  before. 

ZATXIJHa  LOCATION. 

S65.  Its  Katnre,  It  is  the  converse  of  the  general  problem  of 
leveling,  which  is  to  find  the  difFerence  of  heights  of  two  given 
points.  Thit  consists  in  determining  the  place  of  a  point  of  any 
required  height  above  or  below  any  given  point. 

To  do  this,  hold  the  rod  on  some  point  of  known  height  above 
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the  datam-leTel ;  siglit  to  it,  and  thus  determine  the  height  of  the 
croas-hairB.  Sabtract  from  this  the  deeired  height  of  the  required 
point,  and  set  the  target  at  the  difference.  Hold  the  rod  at  the 
place  where  the  height  is  desired,  and  raise  or  lover  it  till  the 
croBB-hair  bisects  the  tai^t  Then  the  bottom  of  the  rod  is  at  the 
desired  height.  Usoally,  a  peg  ia  driven  till  its  top  is  at  the  girflD 
height  above  the  datam. 

see,  Diffionltiei.  U  the  difference  of  height  be  too  much  to  he 
measared  at  one  setting  of  the  instmment,  take  a  series  of  lerela 
ap  or  down  to  the  desired  point  So,  too,  if  they  be  far  apart ; 
and  thns  find  a  place  where,  the  instrament  having  a  known  height 
of  cross-hairs,  the  target  can  finall;  be  set,  as  before. 

If  the  ground  be  so  low  or  so  high  that  a  peg  can  not  be  set 
with  ite  top  at  the  required  height,  drive  a  peg  till  its  top  is  just 
above  the  surface  of  the  ground.  Observe  to  the  rod  on  it,  d^ 
termine  its  height  above  or  below  the  desired  point,  and  note  this 
on  a  large  stake  driven  beside  it ;  or,  place  its  top  a  whole  number 
of  feet  above  or  below  the  required  height,  and  mark  the  difference 
on  it,  or  on  a  stake  beside  it. 

Se?.  Btaldng  ont  Work.    When  embankments  and  excavations 

are  to  be  made  for  roads,  etc.,  aide-stakes  are  set  at  points  in  their 

intended    outside    edge^~ 

^^^        ^  .  i.  e.,  where  their  slopes  will 

^^^^^  \       •  Tosxit   the   surface    of    the 

^^^^^^^  \      \  ground  ;   and    the    height 

^^^^^^  \     i  which  the  ground  at  those 

^"^^fc^   \  !  pointa  is  above  or  below  the 

'^^^^i  required  height  or  depth  of 

^^^     the   top  or  bottom  of  the 

finished  work,  ia  marked  on 

these  stakes  with  the  words  "cnt,"  or  "fill,"  or  the  signs  +  or  — • 

The  places  of  the  stakes  are  found  by  trial.     (See  Gillespie's 

"  Boad-Making,"  page  145.)    These  stakes  are  set  to  prepare  the 

work  for  contractors.     When  the  work  is  nearly  finished,  other 

stakes  are  set  at  the  exact  required  height. 
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In  staking  ont  foundation-piti,  set  temporary  Btakes  ezactlj 
ftbove  the  intended  bottom  angles  of  the  completed  pit,  thug  mark- 
ing out  ou  the  surface  of  the 

groand   its  intended   shape.                             F,g.  408. 
Take  the  heiehts  of  each  of     ^ 
these  atakes  and  move  them        ^T^w 
outward  such  distancea  that          X^^l*!!!*^ 
cutting   down    from     them      ^      \          ^^"Ss*^ 
with  the  proper  depth  and              \               ^^'^l**,^ 
slope  will  bring  yon  to  the                 \  /;*%»_ 

desired  bottom  angle.  * ^^ — -■'   ^^ 

S68.  To  locate  a  Lerel-Line.  This  consists  in  determining  on 
the  surface  of  the  ground  a  series  of  points  which  are  at  the  same 
level — i.  e.,  at  the  same  height  above  some  datum.  Set  one  peg  at 
the  desired  height,  as  in  Art.  565.  Sight  to  the  rod  held  thereon, 
and  make  fast  the  target  when  bisected.  Then  send  on  the  rod  in 
the  desired  direction,  and  have  it  moved  up  or  down  along  the  slope 
of  the  ground,  until  the  target  is  again  bisected.  This  gives  a  sec- 
ond point.  So  go  on  OS  far  as  sights  can  be  correctly  taken,  keeping 
unchanged  the  instrument  and  target.  Make  the  last  point  sighted 
to  a  "turning-point."  Carry  the  instrument  beyond  it,  set  up 
again,  take  a  B.  S.,  and  proceed  aa  at  first. 

The  rod  should  be  held  and  pegs  driven  at  points  so  near  to- 
gether that  the  level-line  between  them  will  be  approximately 
straight. 

069.  Applioations.  One  use  of  this  operation  is  to  mark  out 
the  line  which  will  be  the  edge  of  the  water  of  a  pond  to  be  formed 
by  a  dam.  In  that  case,  a  point  of  a  height  equal  to  that  of  the 
top  of  the  proposed  dam,  pltia  the  height  which  the  water  will 
stand  on  it  (to  be  determined  by  hydraulic  formulas),  will  be  the 
starting-point.  Then  proceed  to  set  stakes  aa  directed  in  the  last 
article. 

The  line  from  stake  to  stake  may  then  be  surveyed  like  the 
sides  of  a  field,  and  the  area  to  be  overfiowed  thus  determined. 

Strictly,  the  surface  of  the  water  behind  a  dam  is  not  level, 
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but  is  curved  concavely  upward,  and  is  therefore  higher  aact  aets  bacb 
farther  than  it  level.     The  backing  ap  of  the  water  is  called  Remous, 
Another  important  application  of  ttuB  problem  is  to  ohtun 
"  oontoor-lines  "  for  topography. 

S70;  To  mn  a  Orade-Iinc  This  oondsta  in  setting  a  seriee  of 
pegs  BO  that  their  tops  shall  be  points  io  a  line  which  shall  have 
any  required  elope,  ascending  or  descending. 

When  a  grade-line  is  to  be  mn  straight  between  two  given 
points,  set  the  level  over  one  point,  set  the  target  at  the  height  of 
'the  orosa-bairs,  hold  the  rod  on  the  other  point,  and  raise  or  lower 
one  end  of  the  instrument  till  the  oross-hair  bisects  the  target. 
Then  send  the  rod  along  the  line,  and  drive  pegs  to  such  heights 
that  when  the  rod  is  held  on  them  tlie  crosa-hair  will  bisect  the 
target.  A  stake  may  be  driven  at  the  extreme  point  to  the  height 
of  the  target. 

Another  Method.    Knowing  the  horizontal  distance  between 
the    two    given    points, 
^"^  ***"■  and   their  difference'  of 

level,  determine  the  rise 
or  fall  per  hundred  feet. 
Then  drive  stakes  at 
every  hundred  feet,  eo 
that  the  top  of  each  suc- 
ceeding one  is  the  given 
grade  per  hnndred  feet  higher  or  lower,  according  as  the  grade 
is  ascending  or  descending. 

For  example,  suppose  the  horizontal  distance  from  A  to  6  is 
1,200  feet,  and  that  B  is  16-8  feet  higher  than  A  The  rise  per 
hundred  feet  from  A  is  1'4  foot.  Beginning  at  A,  set  stakes  at 
every  hundred  feet,  eo  that  the  top  of  each  one  ie  1'4  foot  higher 
than  the  preceding  one. 

A  line  of  uniform  grade  or  elope  is  not  a  straight  line.  Galling 
the  globe  spherical,  this  line,  when  traced  in  the  plane  of  a  great 
circle,  would  be  a  logarithmic  spiral.  On  a  length  of  six  miles,  the 
difference  in  the  middle  between  it  and  its  straight  chord  would  be 
aix  feet 
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APPENDIX  A, 

BTNOPaiB  OF  PLANE  TRIOOIfOilSTRT.* 

1.  IMtnition.  Plane  Trigonoinetry  ie  that  braocb  of  matheraatiotd  ad- 
moe  which  treati  of  the  relatjom  between  the  sidee  uid  angles  of  plana 
trianglee.  It  teaobee  how  to  find  any  three  of  these  six  parts,  when  tha 
other  three  are  given,  and  one  of  them,  at  least,  is  a  mde. 

S.  Angle!  and  Ana.  The  angle*  ol  B  triangle  are  oieaaured  hj  the  ara 
dseoribed,  with  an;  radius,  from  the  angular  points  as  centers,  and  inter- 
cepted between  the  legs  of  the  angles.  These  arcs  are  measured  b;  com- 
paring them  iritb  an  entire  circumference,  described  with  tbe  same  radias. 
Every  circumference  is  regarded  as  being  divided  into  860  eqaal  parts,  called 
degrees.  Each  degree  is  divided  Into  60  equal  parts,  oalled  minuUt,  and  each 
mlnate  Into  40  ucondt.  These  divinions  are  indicated  by  the  itinrks  " ' ". 
Thus  28  degrees,  17  minutes,  and  49  seconds,  are  written  28°  IT'  49"  Frao- 
tioDs  of  a  second  are  best  expressed  decimally.  An  arc,  including  a  quarter 
of  a  circumference  sad  measuring  a  right  angle,  ii  therefore  90°.  A  seml- 
etroumferenoe  comprises  ISO".  It  is  often  represented  hy  «,  which  equals 
8*14160,  etc,  or  8^  approximstely,  tbe  radios  tteing 
onlty.  fta-  *10- 

Tbe  length  of  1  °  in  parts  of  radius  =  0-01 T46829 ; 
thatof  1'  =  0-O0OS9089  ;  and  that  ol'I"  =  0'00000480. 

The  length  of  the  radios  of  a  circle  in  degrees,  or 
860thi  of  the  circumference  =  67-39678°  =  CT°  17' 
84-8"=  8487-747'  =  206394  8".  t 

An  ore  may  be  regarded  as  generated  by  a  point, 
H,  moring  ttom  an  origin,  A,  nround  a  circle,  in  the 
direction  of  the  arrow.  The  point  may  thus  describe 
area  of  any  lengths,  each  as  AU;  AB  =  90°  =  ) 
w;   A  BO  =  180'  =  it;   A  BOD  =  370°  =  |ff ;  A  B  0  D  A  =  860°  =  2*. 

The  point  may  still  continne  its  motion,  and  generate  arcs  greater  than  a 

*  for  merely  Bolvlng  trianglea,  only  Articles  1,  3,  8,  B,  S,  10, 11,  and  IS  are  needed. 

t  Ths  number  of  seconds  In  any  arc  vhifh  Is  )^ven  in  parts  oT  radius,  radius 
being  unity,  equals  the  length  of  ths  arc  Bo  given  divided  by  tlie  length  of  the  m  of 
one  seoond ;  or  multiplied  by  the  number  of  seconde  in  imdius. 
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aiTcnmferenoe,  or  than  two  drctunferenoes,  or  tlum  three ;  or  even  infinite 
in  length. 

While  the  point,  M,  desoribea  these  arcs,  the  radioB,  OM,  indefinitely 
prodaoed,  generatee  corresponding  angles. 

If  the  point,  M,  gboald  move  from  the  origin,  A,  in  the  contrary  direction 
to  its  former  morement,  the  aros  generated  bf  it  are  r^arded  as  ntgatm,  or 
ffl JntM  ;  and  so  too,  of  necessitj,  the  anglee  measured  \>j  the  area. 

Area  and  angles  ma,j  therefore  varj  in  length  from  0  to  +  m  in  one 
direction,  and  from  0  to  —  is  ia  the  oontrary  direction. 

TiM  Oen^letMnt  of  an  arc  is  the  are  which  would  remain  after  sobtract- 
ing  the  arc  from  a  quarter  of  the  cironmference,  or  from  90°.  If  the  arc  be 
more  than  90°,  ita  complement  is  necessaril;  negative. 

The  SvfpUmetU  of  an  arc  ta  what  would  remain  after  eabtraoting  it  from 
half  the  oircomferenoe,  or  from  180°.  If  the  arc  be  more  than  180°,  its  snp* 
plement  is  neoesaarilj  negative. 

8.  Trigonometrioal  LinM.    The  relations  of  the  rides  of  a  triangle  to  ito 
angles  are  what  is  reqaired  ;  but  it  is  more  convenient  to  replace  the  angles 
bj  arcs ;  and,  onoe  more,  to  replace  the  area  b;  certun  straight  lines  depend- 
ing upon  them,  andincreasinganddeoreaaingwith  them,  or,  oonversel;,  insuch 
a  waj  that  the  length  of  the  lines  can  be  foand  from  that  of  the  arcs,  and  «JM 
e#rM.    It  is  witli  these  lines  tbat  the  sideaof  a  triangle  are  compared.*    Theu 
lines  are  called  Trigonometrical  Line*,  or  Girevlar  I'unetiont,  because  their 
length  is  a  function  of  that  of  the  circular  arcs.    The  prindpal  trigonometrical 
linea  are  Sinet,  Tangent*,  and  SeeanU.     Ohordi  and  versed  sines  are  also  used. 
The  SINE  of  an  ore,  Alf,  is  the  perpendicular,  UP,  let  fall,  from  one 
extremit;  of  the  arc,  upon  the  diameter  which 
Fia.  411.  passes  through  tbe  other  extremity. 

The  TANGENT  of  an  arc,  A  M,  is  Uie  dia- 
tauoe,  A  T,  intercepted,  on  the  tangent  drawn 
at  one  extremity  of  the  arc,  between  that  ez> 
tremity  and  the  prolongation  of  the  radius 
which  passes  through  the  other  extremity. 

Tbe  SEOANT  of  an  arc,  All,  is  the  part, 
O  T,  of  the  prolonged  radius,  comprised  be- 
tween the  center  and  the  tangent. 

The  sine,  tangent,  and  secant  of  the  oom- 
plament  of  an  arc  are  called  the  Oo-anra,  Oo-tahobnt,  and  Co-bbcavt  of  Aat 
arc.  Urns,  M  Q  is  the  ooaine  of  A  U,  B  B  ita  cotangent,  and  O  8  ita  ooee- 
oant.  The  cosine  U  Q  ig  equal  to  0  P,  tbe  part  of  the  radins  oompriaed  tw- 
tween  the  center  and  the  foot  of  the  sine. 

The  ehcrd  of  an  arc  is  equal  to  twice  the  sine  of  half  that  are. 
The  verud-riru  of  an  am,  A  U,  is  the  distance,  A  P,  comprised  between 
the  origin  of  the  arc  and  the  foot  of  the  sine.    It  is  oonseqnentl;  equal  to  the 
difference  between  the  radius  and  the  sine. 

*  for  tbe  great  value  of  this  indirect  mode  of  oomparing  the  ifdea  and  uglas  *i 
triangles,  see  Comte's  "  Fbilosopby  of  MathemaUos  "  (Harper's,  IB61),  page  US. 
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TIk  trigoDometrical  linea  are  dsdaU;  writtea  in  an  abbrsTiated  form. 
OaUiDg  the  arc  A  M  =  o,  we  writ«, 

MP  =  eiri.<i.  AT  =  t»n.<i.  OT  =  aoo.<». 

MQ=ooe.a.  B  8  =  oot  o.  0  S  =  O06eo.  a. 

TLe  period  after  sin.,  tan.,  eto^  indioating  abbreTi&tion,  is  freqaentlr 
omitted. 

The  oroa  whose  ainei,  tangents,  et«.,  are  eqna)  to  a  line  =  a,  are  written, 

tan.    a,  or  ere  (tan.  =  a) ;  etc. 


4.  Hit  LinH  U  fiatlM.  The  ratios  be- 
tween the  trigonometrical  lioes  and  the  radius 
are  the  aame  for  the  same  onglea,  or  number 
of  degrees  in  on  aro,  whatever  the  length  of 
the  radius  or  arc.  ConaeqaeDtlj,  radius  being 
nnitj,  titeae  lines  may  be  ezpresited  as  simple 
ratios.  Thus,  in  the  right-angled  triangle 
ABO,  we  would  have 

_  opposite  side 

hrpotennse  ' 

j^    •  _  ^  ^  _  opposite  side 

A  0  ~  adjacent  side ' 

.  A  B  _  hypotenuse 

~  A  0  ~  adjoDentaide ' 
When  the  radius  of  the  arcs  which  t 


Fm.  4l«. 


sin.  A  =  =-^ 


A 

AO 

9 

adjacent  aide 

AB 
AO 

adjacent  side 

BO 
AB 

opposite  side , 
hypotenuse 

opposite  side  ' 
t  the  angles  is  unity,  these 
ratios  may  be  used  for  the  liues.  If  the  radius  be  any  other  length,  the 
results  which  have  been  obtuned  b;  the  above  supposition  must  be  modlBed 
by  dividing  each  of  the  trigonometrioal  lines  in  the  result  by  radius,  and  thn> 
rendering  the  equations  of  the  results  "  homogeneous."  The  same  effect 
would  be  produced  by  multiplying  each  term  in  the  expresdoQ  by  snoh  a 
power  of  radius  as  would  make  it  contain  a  number  of  liftear  factors  equal 
to  the  greatest  number  in  any  term. 
Fia.  41S.  The  radius  is  osnall;  represented  by 

"      r,  orR. 

5.  Their  Tariatiau  In  Lut^th. 
As  the  point  M  moves  around  the 
circle,  and  the  arc  thus  increases,  the 
rines,  tangents,  and  secants,  starting 
from  zero,  also  Inorease ;  dll,  when 
the  point  U  has  arrived  at  6,  and 
the  arc  has  become  90°,  the  rine  baa 
become  equal  to  radius,  or  unity,  and 
the  tangent  and  secant  have  become 
infinite.  The  oomplement«ry  lines 
bave  decreased,  the  cosine  being  eqnal  to  radios  or  nnity  at  starting  and  b^ 
Doming  sero,  and  the  cotangent  and  cosecant  passing  f^om  infinity  to  zero. 
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When  the  point  M  haa  passed  the  first  quadrant  at  B,  and  is  prooeeding  tow  vd 
0,  the  sinee,  tangents,  and  secants  begin  to  decrease,  tilt,  when  the  point  faoi 
reached  0,  tlie;  have  ttie  same  valaes  as  at  A.  Thej  then  begin  lo  increase 
again,  and  ao  od.    The  table  on  page  40S  indicates  these  variatione. 

The  sines  and  tangents  of  very  amatl  arcs  ma;  be  regarded  as  sensiblj 
proportional  to  the  arcs  themselvea ;  so  that  for  sin.  a",  we  maj  write  a  . 
■in.  1" ;  and  aimilarlj,  though  less  aooaratel^,  for  sin.  a',  we  maf  write  a  . 
rin.  1'. 

The  sines  and  tangents  of  vmy  small  arcs  maj  aimilarl;  be  regarded  aa 
senmbl;  nf  the  aanie  length  as  the  nroa  themaelres.* 

a  l>eing  the  length  of  an;  arc  expreased  in  parts  of  radius,  tb«  lengths  ct 
its  sine  and  cosine  may  be  obtained  bj  the  following  series: 


' 

'      3.8": 

2.8.4 

.5     a .  8 . 

...7  " 

eos. 

'-^-\u 

.8.4" 

-^^-. 

,  etc 

Let  it  be 

required  to  find  < 

10s.  80°, 

by  the  abovi 

B  series. 

80°  =  —  «■  =  *  X  8-1416  =  -6286. 
180  * 

SnbsUtnting  this  nnml>er  for  a,  the  series  beoomee,  taking  only  three  terms 
of  it, 

1  -  t^'  +  i^'  _,  etc.  =  1  -  0-187078  +  0-008180  =  -866062  ; 

which  is  the  correct  value  of  ooa.  80"  for  the  first  four  places  of  deoiaola. 

The  lengths  of  the  other  lines  can  be  obtained  from  the  mutual  reladona 
^ven  in  Art.  7.    Some  particotar  ralaes  are  given  below  : 

sin.  80°  =  ^  sin.  46°  =  ^  V  2.  sin.  60°  =  }  t'  8. 

tan.  80°  =  i  t/8.  tan.  46°  =  1.  tan.  60°  =  v*  3. 

sec.  80°  =  \  fS.  sec.  46°  =  ♦'  3.  sec  80°  =  2. 

6.  Thsil  OhuigM  of  Sign.  Unes  meaanred  in  conb-ary  directions  IWhq 
a  common  origin  nsnally  receive  contrary  algebraic  tdgns.  If,  then,  all  the 
lines  iu  the  first  quadrant  are  called  positive,  their  aigna  will  change  in  aome 
of  the  other  quadrants.  Thus  the  rinet  in  the  first  quadrant  being  all  meas- 
ured upward,  when  they  are  measured  downward,  as  they  are  in  the  third 
and  fourth  quadrants,  they  will  be  negative.  The  eotinet  in  the  first  quad- 
rant are  measured  from  left  to  right,  and  when  they  are  measured  from  right 
to  left,  as  in  the  aticond  and  third  qusdranta,  they  will  be  n^ative.  The 
tanffmtt  and  Meant*  follow  similar  rolea. 

The  variationa  in  length  and  the  changes  of  sign  are  all  indicated  in  the 
following  table,  radius  being  unity.  The  terms  "increasing"  and  "de- 
oreamng  "  apply  to  the  lengths  of  the  lines  without  any  reference  to  llieb 

■  Consequently,  the  note  on  page  401  nwy  read  thus :  The  number  of  aeoonda  Is 
tKf  TMy  small  arc  given  in  parts  of  radius,  radius  being  unity,  is  equal  to  the  length 
of  (he  arc  so  given  divided  by  aln.  1, 
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Ltngth*  Mid  Siftu  qf  1A«  Trigonometrieal  Lhm  for  Ares  frvm  0°  U  860*. 


A-. 

0- 

BnwnH  cr  uid  W. 

«r 

BnvnH  go-  AND  i8(r. 

ISO* 

Sm 

SSr-.::: 

GodiM 

Cctugait.... 
Oowcwrt. . . . 

0 

0 

+  1 

+  1 

±» 

+  ,  ind  ineroulDg. 

+,  Ukd  lllCT«MiDg, 

+  ,«.dd«cr<«diig, 
+  ,fti«ldeo™«ing, 

+  1 

±a<> 
i" 

0 
0 

+  1 

+ ,  uid  decreuioe, 
— ,  uid  decreuisg, 

+,  mud  increaaing, 

0 
0 

—I 

T» 

ABca. 

IBO- 

•TO- 

BirwaBUTO-inDaso-, 

Mr 

Sue 

T«««t..... 

Baoant 

Oodoe 

Cowcant 

-,  and  inoraxiDg, 
+,  ud  tnereulng, 
-,  ud  inm*^, 

+   .nddec««i4; 
^,  «d  d.cre«iDg, 

—I 
±« 

0 

J 

— ,  and  dMiwlDS, 
-,  and  decrearing, 
+  ,  aDd  deoraaBing, 
+  ,  and  inoreasing, 
— ,  and  incTMRlng, 
— ,  and  locreasing. 

+  1 
+1 

From  Hill  table,  uid  Fig.  418,  we  see  tliat  an  are  and  it*  nppUmMt  have 
the  Mme  rine ;  and  that  their  tangents,  secants,  ooainee,  and  ootangCDta  are 
of  eqaa)  length  bnt  of  oontrar;  signs ;  while  the  ooBeoants  are  the  same  in 
both  length  and  sign. 

We  also  dedaoe  from  the  figure  the  folloiring  consequences : 


■Ib.  (a"  +  180°)  =  -  K 

1.  (a"  +  180°)  =  un, 

).  la"  +  180°)  =  —  » 

■in.  (_«°)=_Bi 

tan.  <  —  a")  =  —  ti 

w.(- 


i.(a''+180°)  = 
ooU  (a"  +  180°)  =  cot.  «°. 
ooseo.  (a"  +  180°)  =  —  oosec,  a', 
COS.  {  —  «'')  =  008.  a°. 
cot.  ( —  a°)  =  —  oot.  a". 

).  (  —  a°)  =  —  coeeo.  c 


An  Infinite  nnralwr  of  arcs  have  the  same  trigonometrioal  lines ;  for,  an 
•ro  a,  tlie  same  arc  plas  a  oircomterence,  the  same  aro  pins  two  oironmfer- 
enoen,  and  so  on,  wonld  have  the  same  nne,  etc   . 

.  "To  bring  back  to  the  first  quadrant  "the  trigonometrioal  lines  of  anj 
large  arc,  proceed  thus:  Let  1099°  be  an  aro  the  line  of  whioh  Is  desired. 
Take  from  it  as  manj  times  800°  m  poeaible.  The  remainder  wilt  be  800°. 
Then  we  shall  hare  sin.  800°  =  sin.  (1 80°  —  80S°)  =  sin.  —  120°  =  —  dn. 
199°  =  -  Bin.  (180°  -  186°)  =  -  dn.  51°. 

7.  Tluir  Xutnal  Bclationt.    Radius  bang  nnitr, 

.  .        sin.   o°  .      _        COS.   «• 

tan.  a   = ^.  co*.  a   =  -, =. 

COB.  a  sin.  a 


tan.  a    x  oot.  a°  = 
1  +  (tan.  a°)'  =  (se 


(Bin.  a°)*  +  (CO.,  ay  , 
1  +  (cot  1.°)'  =  (oosei 


*  The  aqnara,  etc.,  of  tlie  tine,  etc.,  of  an  aro,  is  often  eipresied  b;  pladi^  the 
expooeirt  between  the  abbrerlation  of  the  name  of  the  tiigononietrlaJ  line  and  tbe 
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H«iio«,  an;  one  of  the  trigonometrioAl  line*  being  given,  the  rest  okd  b« 
fonnd  from  some  of  these  equations. 

8.  Two  Ana     Let  a  and  b  represent  anj  two  area,  a  being  the  greator. 
Then  the  following  formulas  apply  : 

sin.  (a  —  S)  =  ain.  a  .  cob.  h  —  cos.  a  .  sin.  h, 

COS.  (a  —  ft)  =  COB.  a  .  cos.  b  +  sa.  a  .  dn.  h. 

tan.  (<»  +  ft)  =  - 


tan.  (d  —  i)  = 
oot  (a  +  6)  = 


tan.  a  ~  tan.  h 


1  +  tan.  a  .  tan.  & ' 

COL  a  .  oot.  ft  —  1 

cot.  b  +  cot.  a 

oot  ft  —  cot.  a 
sin.  a  .  Bin.  ft  =  ^  .  coa.  (a  —  ft)  —  ^  coa.  (a  +  &). 
COS.  a  .  COS.  ft  =  j  .  COS.  (ffl  +  ft)  +  ^  cos.  (a  —  6). 
8in.a.  008.6  =  1^.  Bin.  {..  + ft)  +  J  ain.  (a  -  ft). 
009.  a  .  sin.ft  =  J  .  sin.  (a  +  6)  -  J  sin.  (a  -  ft), 
ain.  a  +  sin.  ft  =  2  sin.  f  (a  +  6)  COS.  f  («  —  ft). 
008.  a  +  COS.  ft  =  2  oos.  j  (o  +  ft)  COS.  J  (a  -  ft). 
Bin.  a  —  Bin.  ft  =  3  sin.  Ha  ~  ft)  coa.  ^  fa  +  6). 
COS.  J  — COS.  «=  2  Bin.  J  (a  — ft)  sin.  H"  +  6). 
.  ...       I        sin.  (a  +  ft) 

tan.  a  +  tan.  6  = '    ^    '  . 

COB.  a  .  cos.  ft 

.  .       ,        sin.  (a  —  ft) 

tan.  a  —  tan.  ft  = i iL . 

COS.  a  .  COS.  ft 

oot.  ft  +  cot  a  =  ^Rjl_+*L, 
Bin.  a  .  Bin.  ft 


».  DonUe  and  Half  Aros.     Letting  a  represent  anj  arc,  aa  before,  we 
have  the  following  formnlaa: 

sin.  2  a  =  2  un.  a  .  cos.  a. 

oos.3a  =  (oos.a)'  — (Bin.a)»  =  2(cos.  a)' —  1  =  1  —  2  (sin.  o)'. 


taa.2a  = 


Soot  <i 


1  —  (tan.  a)'       (oot  a)'  -  1       oot 
*•  ^  ■*  =  ^-^r-7- =  Hcot  »  -  tan.  «). 


number  of  (be  degrees  In  the  src,  thus:  Sin,'  a',  tan.'  a',  etc.  But  the  notalion  gtreo 
above  places  the  tndei  aa  used  bj  Oaaaa,  Delatobre,  Arbogaat,  eta.,  though  the  fint 
two  omit  the  parenthesaa. 
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ln.i«=  *'[J(l-oo8.a)J. 
1.3.10=   VlKl  +COS.a)]. 


1— w 


Vl-ooB.a/  ■ 


10.  TrigOUOnwtriral  Tablet,  in  the  asaal  tables  of  tbe  nstarftl  trigo- 
nometrioal  Uoes,  tbt>  degrees  from  0°  to  45°  are  fotmd  at  the  top  of  the  table, 
and  those  ftcyta  4S°  to  B0°  at  the  bottom;  the  latter  being  compleroeats  of 
the  former.  Oonseqaentl^,  the  oolnmne  which  have  Sine  and  Tangent  at  top 
have  Coiine  and  OoUmi/mt  at  bottom,  since  tbe  ooaiae  or  cotangent  of  an; 
are  is  the  same  thing  as  the  »ne  or  tangent  of  its  oonjplemeut.  The  minutes 
to  be  added  to  tbe  degrees  are  fonnd  in  the  left-band  oolaron,  when  the  nnm- 
ber  of  degrees  at  the  top  of  the  page  are  used,  and  in  the  right-hand  co]nmn 
for  the  degrees  when  at  the  bottom  of  the  page.  The  lines  for  ares  interme- 
diate tratween  tliose  in  the  tables  are  found  b;  proportion.  The  lines  are 
oalootated  for  a  radins  equal  nnitj.  Hence,  tbe  valnes  of  the  sines  and  co- 
unes  are  decimal  ftactions,  thongh  tbe  point  is  asaallj  omitted.  So  too  are 
the  tangents  from  0°  to  45°,  and  tbe  cotangents  frora  90°  to  46°.  Beyond 
those  points  they  are  integers  and  decimale. 

The  oalcQlfttiona,  like  all  others  involving  large  nambers,  are  shortened 
by  the  use  of  logarithms,  which  snbBtitute  addition  and  subtraction  for  mnt- 
liplioation  and  divisioa ;  but  the  yonng  student  should  avoid  the  freqaent 
error  of  regarding  logarithms  as  a  necessorj  part  of  trigoaometry. 


SOLUTION  07  TBIAN^aiiBa. 

11.  Biffht^ngled  Trianglet.  Let  A  B  0 
be  an;  right-angled  triangle.  Denote  the  sides 
opposite  tbe  angles  by  the  corresponding  small 
letters.  Then  any  one  dde  and  one  acute  an- 
gle, or  any  two  sides  being  given,  the  other  parts 
can  be  obtuned  by  one  of  the  following  eqna- 
tlona; 


amK. 

«,' 

«.  A,B 

e  =  V(o'  +  6^i  ttll.A=^;  ootB=^. 

..  « 

J,  A,  B 

J  =  V(c*-  o*);  Bin.  A=";  COB.B  =-. 

■.A 

S,  .,    B 

'=••««■ '^i'  =  SrA^»  =  '»"-'- 

»,  i 

'.',    B 

.=  S.l«.Ai.  =  ^iB  =  90'-A. 

•,  A 

",•,   B 

o  =  e.8ili.Ai  ft  =  ea».A;  B  =  W-A. 
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12.  ObliqTte-ani^ed  Tiitnglei.    Let  ABO  b«  aik]r  obllqne-sogled  tri- 
angla,  the  angles  and  Hides  beiog  noted  aa  in  the  figurv.    Then  any  thr«e  of 
ita  six  parts  being  giveD,  and  one  of  them 
Fis.  41B.  being  a  aide,  the  other  parta  aan  be  ob> 

tained  by  one  of  the  following  methods, 
vbioh  are  fbonded  on  these  three  theo- 
renu: 

Tbiouh  I. — In  ntry  plant  triangh, 

:    tht  MAM  ^  tA«  anfflm  art  to  anal  eth»  at 

At  opporiU  ridet. 

Tbkobkm  IL— /»  m«Ty  plane  triangU,  the  turn  qf  ttto  tide*  it  U  iMr  d{f- 

finneeat  the  lajiftnt  ofhaifthe  turn  ef  the  anglee  eppeeiu  thote  tidetitle 

tit  tangent  o/haO'th^  differmee. 

Thbobih  III. — In  etery  plane  triangle,  the  eotine  ^attf  angle  it  egvdl  (• 
afraetutn  lehcee  immeratar  it  the  turn  of  the  tgvarm  of  tAtf  tidee  adjacent  to 
&e  angle,  mlnos  the  tqwart  qf  the  tide  oppotite  to  the  angle,  and  vheee  de- 
nominator it  twiet  the  ptvduet  of  the  eidet  odQaeent  to  the  angle. 

All  the  oaaea  for  solution  which  can  oooor  may  be  redooed  to  four: 
Oaaa  1. — Qiten  a  tide  and  iao  anglet.    The  third  angle  is  obtained  bf 
mbtraoting  the  sam  of  the  two  given  an^es  from  180°.     Then  either  on- 
known  ^e  can  be  obtidned  by  Theorem  L 

nil.      .1       .  .J  I        .  sin.  B        ,  rin.  0 

Oalling  the  giren  ude  a,  we  have  o  =  a.  — — —  ;  ana  e  =  a  - — r , 
sin.  A  am.  A 

Cask  2. — ffvo«n  ttto  eidet  and  an  angle  opporite  one  of  G\em.  The  an^e 
opponte  the  other  ^ven  wde  is  fonnd  by  Theorem  I.  The  third  angle  is  ob- 
tained by  sabtraotiDg  the  anni  of  the  other  two  from  180°.  The  remaning 
aide  Is  then  obtained  by  Theorem  I. 

Galling  the  given  sides  a  and  i,  and  the  given  angle  A,  we  have  ain.  B  ae 
h 
ain.  A.-. 

Sinee  an  angle  and  its  sapplement  have  the  ume  atne,  the  reaolt  ia  am- 
blgnoas;  for  the  angle  B  may  have  either  of  the  two  sapplementary  Talnea 
indicated  by  the  doe,  if  fr  >  a,  and  A  ts  an  acute  angle. 

O  =  180°-(A  +  B).  t  =  An.fi~-—. 

O&SB  S.— ffJMA  Am  tidee  and  tAtfjr  ineluded  angle.  Applying  ^eorean 
n  (obtidning  the  anm  of  the  angles  opporite  the  given  sides  by  aabtraoting 
the  ^ven  isolnded  angle  from  180°),  we  obtain  the  difference  of  the  nuknown 
angles.  Adding  this  to  their  aam  we  obtain  the  greater  angle,  and  snbtraot- 
ing  it  from  their  som  we  get  the  less.  Then  Theorem  I  will  give  the  remain- 
ing side. 

Calling  the  giren  sides  a  and  h,  and  the  inolnded  anj^e  0,  we  Iiat« 
A  +  B  =  180'  —  0.    Then 

tan.  t  (A-  B)  =  tan.  J  (A  +  B)  .  ~^. 

JC4.  +  B)+4(A-B)  =  A.    i(A  +  B>-J(A-B)-.B.    t-*^^. 
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III  the  first  equation  oot.  }  C  mnf  be  ased  ia  the  place  of  tan.  1  (A  -|-  B). 

Oabb  4. — Oiven  the  three  tida.  Let  *  repreeeat  half  the  sum  of  the  three 
aides  =  ^  (a  +  b  +  o).  Then  aoj  angle,  aa  A,  may  be  obtained  from  either 
of  the  following  formulas,  founded  on  Theorem  111 ; 

-  ft)  ('  - 


.  _,  y  +  y  -  »• 
"*■■' iT, —  • 

The  first  formola  ebonld  be  naed  when  A  <M°,  and  the  seoond  when 
A  >  110°.  The  third  should  not  be  nsed  when  A  is  nearly  160° ;  nor  tiie 
fourth  when  A  ia  nearl;  HO ;  nor  the  fifth  when  A  is  very  amaU.  The  third 
Is  the  most  aonTenient  when  all  the  angles  are  required. 


^dbvGoo^^lc 


APPENDIX  a 


TBAJfSrSSSALB. 


—If  a  ttraight  line  b»  drawn  to  at  to  cut  any  tvte  tidt*  of  a 
triangU,  and  fi«  third  tide  prolonged^  tkv»  ditridirig  them  into  tix  part*  itk4 
prolonged  tide  and  iti  prolongation  being  two  of  the  parti),  then  mil  (A« 
product  of  any  three  iff  thou  part*,  ahote  az- 
tremitiet  are  net  contigwntt,  eqval  the  product  Fm-  *^'- 

of  the  other  three  part*.  A 

That  U,  in  Fig.  416,  ABO  being  the  triaoKle, 
and  DF  the  traiiBTersal,  BE  x  AD  x  0F  = 
EA  X  DO  X  BF. 

To  prove  this,  from  B  draw  B  G,  panUlel  to 
0  A.  From  the  similar  triangles  B  E  Q  and 
A  ED.  ne  have  BO:  BE::  AD:  AE.  From 
the  rimilar  trian^es  B  F  G  and  C  F  D,  we  hsTS 
OD:OF::BG:  RF.  M altiplring  these  proportion?  tngetber,  we  have 
BaxOD:BExOF::ADxBG:AExBF.  Haiti  ptri  Oft  eitremes 
and  means,  and  aappressing  the  common  &otor  B  Q,  we  hare  B  £  x  A  D  x 
0F=  EA  X  DU  X  BF. 

These  six  parts  are  eometimes  said  to  be  in  imolutum. 
It  the  transrersal  passes  entirely  outside  of  the  triangle  and  cats  the  pro- 
longations of  all  three  ddes,  as  in  Fig.  417,  the  thenrem  still  holds  good. 
The  same  demonstration  applies  withont  an;  change.* 

Tbeohim  n.—Oonversely  :    ^  three 
^^-  *^''-  poiittt  be  taken  on  too  tide*  of  a  triangle, 

and  on  the  third  tide  prolonged,  or  on 
the  prolongationi  of  the  three  t^ei,  di- 
tiding  them  into  tix  part*,  tueh  that  the 
produet  of  three  non-eonteeatine  part* 
equal*  theprodvet  of  the  other  three  part*, 
then  will  theie  three  point!  lieintheeam* 
*traight  line. 

This  theorem  is  proved  bj  a  redvetio 
ad  ahtvrdum, 

Tbborkm  III.— ^,  from  the  tummib 

*  niii  theorem  may  be  extended  to  polygons. 
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^a  tritmglB,  line*  be  drawn,  to  a  point  tituated  either  within 
the  triangle,  and  prolonged  to  meet  the  tide*  of  the  tri- 
angle,  or  their  prolongatione,  thii*  dieiding  them  into  Tia 

eiisparlt,  then  icilt  the  product  qfany  three  non-eon- 
leeutive  part*  be  egual  to  the  product  of  the  other  three 

I'hat  is,  ID  Fig.  418,  or  Fig.  419, 

AE  X  BFxOD  =  EB  xFOxDA. 
For,  the  triangle  A  B  F,  being  cat  bj  the  transver- 
ul  E  C,  gives  the  relation  (Theorem  I). 

AExBOxFP  =  EBxFCxPA. 
Fio.  419.  The  triangle  A  0  F,  being  oat  bj 

the  traaaveraal  D  B,  gives 
DOxFBxPA=ADxOBx 
FP. 
Mnltipljtng  these  eqaationp  to- 
gether, and  sappresdng  the  oommoD 
faotors  P  A,  0  B,  and  F  P,  we  have 
AEx  BFxCD  =  EBxFOx 
DA. 

Tbiobbk  IV.  —  Oonverselr :  if 
Giree  point*  are  tituated  en  the  three 
*ide»  of  a  triangle,  or  on  their  pro- 
Jongation*  {either  one,  or  three,  nf  th^e  point*  being  on  the  tide*),  to  that 
the]/  divide  thete  line*  in  iveh  a  way  that  the  product  of  any  three  non-eon- 
tieutive  part*  equal*  the  prodvet  qf  the  other  three  part*,  thenwilllinee  dfoan 
from  Iheie  point*  to  the  oppoeite  angle*  meet  in  the  tame  point. 
This  theorem  can  be  demonstrated  by  a  reduetio  ad  abturdum. 


OOBOLLARISS   OF   TBI 

OoBOUABT  l.-~The  MEDIANS  of  a  triangle  (i.  e.,  the  Mnes  drawn  from 
iti  snmmita  to  the  middles  of  the  opposite  sides)  meet  in  the  tame  point. 

For,  sappoung,  in  Fig.  418,  the  points  D,  E,  and  F  to  be  the  middles  of 
the  sides,  the  prodoots  of  the  non-oonseontive  parts  will  be  equal — i.  e., 
AExBFxOD  =  DA  xEBxFO;  ainoe  AE  =  E  B,  B  F  =  F  0,  0  D 
=  D  A.    Then  Theorem  IV  applies. 

OoB.  2.— The  BISSBOTBIOES  of  a  triangle  Q.  e.,  the  lines  bisecting  its 
•OKlea)  meat  in  the  tame  point. 

For,  in  Fig.  418,  sapposing  the  Unee  A  F,  B  D,  0  E  to  be  bissectriccs,  we 
hare  (Legendre,  IT,  IT) : 

BF:FO;:AB:AO)  (BFxAO  =  FOxAB, 

ODiDAiiBOrBAV  whenoe   JoDxBA  =  DAxBO, 
AE:EB::OA:GB)  ^AExOBsEBxOA. 

Knltiplying  these  equations  together,  and  omitting  the  common  factory 
ve  have  BFxOD  xAE  =  FG  xDAxEB.    Then  Theorem  IT  applies. 
OoK.  S.—Th^  ALTITUDES  of  a  triangle  (i.  e.,  the  lines  drawn  from  tta 
nnnmita  perpendioolar  to  the  opposite  aidea)  meet  in  the  tame  point 
27 


^dbvGoo^^lc 


412  AFPEl^DTX  B. 

For,  JD  Fig.  118,  enppoBing  the  lioes  A  F,  B  D,  ud  G  £  to  be  oltitodeo, 
we  have  three  pairs  of  similar  triangles,  BUD  andFO  A,  C  A  E  and  DAB, 
A  B  F  and  E  B  0,  by  coinpuring  wbioU  we  obtain  relatione  from  which  it  ia 
easf  to  deduce  BFx  (JDx  AE  =  EBxFOxDA;  and  then  Theorem 
lY  again  applies. 

Cob.  4  — ^,  in  Fig.  418.  or  Fig.  41S,  th«  point  F  ie  taken  in  tiU  Kiddie 
HfBO,  t/ten  will  the  lineED  b^paraiUi  U BO. 

For,  since  B  F  =:  F  C,  the  eqaatJoa  of  TLeurem  III  reduces  to  A  E  x  C  D 
■>GJ).x  D  A;  whence  A  E  :  EB::  AD;  DC;  conaequently  £  D  is  parallel 
toBC. 

OoB.  5.— Conversely :  ^E  J}  be  parallel  to  BO,  W«»mBF  =  FO. 
For,  since  AE  :  EB  : :  AD  :  D  U,  we  have  AE  x  DO  =  EBxAD; 
whence,  in  the  equation  of  Theorem  III,  we  most  bave  B  F  =  F  O. 
OoK.  0. — From  the  preceding  corollary,  we  derive  the  following: 

^tteo  tidet  qfa  trianf/te  are  divided prepcrtion- 
"'  all]/,  ttartiag  from  the  tame  tvmmit,  eu  A,  and  linet 

are  drawn  from  the  aetremitiei  qf  the  third  tide  to 
thepointe  of  dititioi^  the  interteetum*  of  the  earre- 
tpondiag  line*  will  aU  lie  in  the  tame  ttraight  Une 
joining  the  twmmit  A,  and  the  middle  of  the  ha$e. 

OoR.  7. — A  partioolar  case  of  the  preceding  corol- 
lary ia  this : 

In  any  trapezoid,  the  ttraight  line  ahichjoini  the 
interaction  of  the  diagonal*  and  the  point  of  meeting 
^  Qte  no»-parallel  tidei  produced,  pane*  through  the  middle  of  the  two  par- 
allel hatet, 

OOR.  8. — ^  the  three  linee  drawn  through  the  eorreeponding  rammit*  of 
two  triangle*  cut  each  other  in  the  eame  point,  then  the  three  point*  in  whieh 
the  eorreeponding  tide*,  produeed  ^neeeitary,  mil  meet,  are  titvated  m  the 
tame  ttraight  line. 

Thia  corollary  may  be  otherwise  ennnciated,  thns: 

If  two  triangle*  home  their  tammita  situated,  two  and  two,  on  tArtetinei 
vhieh  meet  in  the  tame  point,  then,  eU. 

This  is  proved  by  obtaining  by  Theorem  I  three  eqaatlntiB.  which,  being 
maltiplied  together,  and  the  six  common  factors  canceled,  give  an  eqoation 
to  which  Theorem  11  applies. 

Triangles  thua  situated  are  c.illed  homolcgie  ;  the  common  point  of  meet- 
ing of  the  lines  passing  throngh  their  SQmmits  is  called  the  center  ofhomol- 
jjy  ;  and  the  one  on  which  the  wdee  meet,  the  axis  <tf  homology. 


HABX  ONIC  DIVISION. 

DBFimrtons. — A  straight  Kne,  AB,  la 

^^-  *^^-  R^dtobeAormonJMiUydwJdeiatthepcnnta 

J      g  J      0  and  D,  when  these  points  determine  two 

additive  segments,  A 0,  BO,  and  two  mib- 
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le  sDothdr ;  so  that  A  0 :  B  0 
a  mure  than  B  U,  since  A  D  is 
more  than  B  D.* 

This  nlation  ma;  b«  otherwii^  expressed,  thus :  The  product  of  the  whole 
line  bj  the  middle  part  equals  the  product  of  tlie  extreme  parts. 

Beoiprooall;,  the  line  D  0  ia  hannonicallj  divided  at  the  points  B  and  A, 
nnoe  the  preceding  proportion  may  be  written  DB:CB;:DA:CA. 

The  tour  iioiats,  A,  B,  U,  D,  are  called  Iwrmonia.  The  points  0  and  D 
are  called  hivrmonio  eof^ugattt.    So  are  the  points  A  and  B. 

When  a  straight  line,  as  A  B,  ia  diridud  hannonicallj,  \tt  half  Is  a  mean 
proportional  between  the  distance  from  the  middle  of  the  line  to  the  two 
points,  C  and  D,  which  divide  it  Imrmonically. 

If,  from  any  point,  0,  lines  be  drawn  so  as  to  divide  a  line  harmonicaltr, 
these  lines  are  colled  an  harmonic  pencil. 
Fio,  *2a.  The  four  lines  whioli  compose  it,  0  A,  0  C, 

O  B.  O  D.  in  the  figure,  are  called  its  radii, 
and  the  pairs  which  pass  through  the  coi^n- 
gate  points  are  called  conjugate  radii. 

Theobbm  V. — In  any  harmonic  pencil,  a 

Utu  drawn  parallel  to  any  one  of  tht  radii 

it  divided  by  the  three  othtr  radii  into  (u» 

equal  parte. 

Let  E  F  be  the  line,  drawn  parallel  to  O  A.    Throcgb  B  draw  O  H,  atea 

parallel  to  O  A.    We  have, 

aB:OA::BD:  AD;  and 
BH:OA;:Ba:AO. 
Bnt,  by  hypothesis,    A  0 :  B  0 : :  A  T : 
BD. 

Hence,  the  first  two  proportions  re- 
duos  to  O  B  ^  B  H  ;  and,  consequent^ 
ly,  E  K  =  K  F. 

The  reeiprocal  is  also  true — 1.  e., 
If  four  line*  radiating  from  apoint 
*re  nieh   that  a  line  drawn  parallel 
to  one  of  them  i*  divided  into  tico  equal 
parte  by  the  other  three,  the  four  liTietform  an  harmonic  pencil. 

Theorbm  VI. — If  any  trantverial  to  an  ?utT7nonie  pencil  be  draan,  it  viU 
be  divided  harmonically. 

Let  I.H  be  the  transversal.  Through  E,  where  LM  intersects  O  B,  draw 
E  F  parallel  to  0  A.    It  is  bisected  at  E  b/  the  preceding  theorem ;  and  the 

*  Three  numbers,  m,n,p,  •mnged  hi  decreasing  order  of  size,  form  an  hamumie 
proportion,  when  the  difference  of  the  first  and  the  second  Is  to  the  dUTerenoe  of  the 
second  and  the  third,  as  the  first  ia  to  the  third.  Such  are  the  numbers  6,  4,  and  S ; 
or  0,  S,  and  £ ;  or  la,  13,  and  10 ;  etc.  So,  in  Fig.  421,  are  the  lines  A  D,  A  B,  and 
A  C,  which  thus  give  BD:CB::AD:AC:  orAC:OB:;AD:BD.  The  series 
of  tractions,  f ,  (,  },  ^,  t,  etc,  is  called  an  barmanie  progrtttUm,  because  aay  00^ 
secntlve  three  of  its  terms  form  an  karmonie  proportion. 


Fta.  423. 
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smQar  trtanKleB,  FUE  and  LMO,  GEN  and  LNO,  give  tb«  propop 

LM:EH::OL:FE,  aiidLN:NE::OL:EE;  wheDoe, 
MiiceFK  =  EE,  we  have  LN  ;  N  E  : :  L  M  :  EM. 

CoBOLiARY.— TAt  tao  inde»  of  any  angle,  together  teith  the  bi4ttcMeM  t^ 
the  angle  and  of  its  euppkment,  form  an  har- 
moniepmeil.  Fia.  4M. 

Tbeobbm  VII. — if,  from  the  tummiU  <if 
any  triangle,  ABC,  through  any  point,  F, 
there ie draam  the  tranKenale  AD,  B E,  C F, 
and  the  trannereal  E  D  6e  draan  to  meet  A  B 
prolonged  in  F',  the  poinU  F  and  F*  wUl  di- 
vide tk«  bate  A  B  harraoniealli/. 

This  may  be  otherwise  eipreaaed,  thus  ; 

The  line,  0  P,  vkiehjoine  the  intarieetion  of  the  diagonal*  of  any  qtutdfi- 
lateral,  A  BDE,viiththe  point  of  meeting,  G,  of  two  oppotHe  Hdei  prolonged, 
cute  the  tide  A  B  tn  a  point  F,  which  i>  the  harmonic  conjugate  of  the  point  ^f 
meeting,  F'  of  the  other  tno  ndee,  E  D  and  A  B,  prolonged. 

For,  by  Theorem  I,  AF  X  BDxCE  =  F'BxDCx  EA;  and 

by  Theorem  II  [,  AFxBDxOE  =  FB  xDOxEA; 
wheno6AF:FB::  AF':  F'B. 


Fia.  4Sfi. 


THE  OOXFIJiTX  OUAD&ILA.TEAAZ» 

A  Complete  Quadrilateral  ia  formed  by  drawing  any  four  straight  Hotn, 
SO  tliat  each  of  them  shall  oat  each  of  the  other  three,  so  as  to  give  six  differ- 
ent points  of  Interseotton.  It  is  bo  called 
becanae  in  tlie  figure  thns  fonned  are 
fonnd  three  qnadrilaterala ;  viz.,  in  Fig. 
426,  ABOD,  a  common  eonvex  qasdri- 
laterat ;  E  A  F  0,  a  vni-eoneave  quadri- 
lateral ;  and  G  B  A  F  D,  a  bi-coneaM  quad- 
rilateral,  composed  of  two  opponte  trian- 
glea. 

The  complete  quadrilateral,  A  E  B  O 
DF,  liaa  three  diagonals;  viz.,  two  int^ 
rior,  AO,  B  D  ;  and  one  exterior,  EF. 

THBDBXit  Vin.  —  In  etery  oouplbtb 
qDADBiLATBsAt  the  middle  pointe  of  it* 
■three  diagonal*  lie  in   the  *ame  itraight 

A  E  B  0  D  F  is  the  qoadrilateral,  and  L  H  N  the  middle  pointa  of  ita  three 
cUagooala.  From  A  and  D  draw  parallels  to  B  0,  and  from  B  and  0  draw 
parallels  to  A  D.  The  triangle  E  D  C  being  cat  by  the  transversal  B  F,  we 
have  (Theorem  I),  DFxCBxEAsOFxEBxDA.  From  the  eqaal- 
ity  of  parallels  between  parallels,  we  have  C  B  =  G'  B',  E  A  is  0  A',  E  B  = 
D  B',  D  A  =  E'  A'.    Hence,  the  above  equation  beoomea  D  F  x  E'  B'  x  0  A' 
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mOF  X  DB'  X  E' A.';  tberefore,  bj  Theorem  It,  the  pointa,  F,  B',  A',  lie 
in  the  same  atraigbt  line.  Now,  wnce  the  dlagoiialE  of  the  parallelogram 
ECA' A  biiect  each  other  at  N,  and  those  of  the  parallelogram  EBB'D 
at  H,  we  have  E  N  :  N  A' : :  E  H  :  H  B'.  Then  M  N  is  parallel  to  F  A',  and 
we  have  EN:NA'::EL:LF,  orEL  =  LF,  bo  that  L  ia  the  middle  of 
E  F,  and  the  same  atrnight  line  paaaea  through  L,  H,  aai  N. 

THiOiUtii  IX. — In  mmy  eompUU  qKadrilaterat  each  <ff  the  three  diago- 
naU  ii  divided  karmonitaUi/  &y  the  tteo 
Fia.  426.  Other*. 

C  E  B  A  D  F  is  Che  complete  quadri- 
lateral. The  diagonal  EF  is  divided 
harmonically  at  G  and  H  bj  D  B  and 
A  O  produced  ;  since  A  H,  D  E,  nnd 
FB  are  three  transversals  drawn  ft'om 
the  sammita  of  the  triangle  A  E  F 
through  the  same  point  C ;  and  there- 
e  K      H  8     fore,  by  Theorem  VII,  D  B  G  and  A  0  H 

divide  E  F  liamioniciilly. 
So  too,  in  the  triangle  A  B  D.  C  B,  C  A,  0  D,  are  the  three  transveraala 
passing  throogh  C;  and  O  and  K  therefore  divide  the  diagonal  B  D  har- 
monically. 

Ho,  too,  in  the  triangle,  A  B  C,  D  A,  D  B,  D  C  are  the  transversals,  and  H 
and  K  the  fioints  which  divide  the  diagonal  A  0  harmonioallf. 

Tbrorbm  X. — If  from  a  pointy  A, 
any  number  of  linet  be  draien,  cutting 
the  tidee  of  an  angle  P  O  Q,  the  iater- 
teetiont  of  the  diagonal*  of  the  guadri- 
lateraU  thiie  foryaed  will  ail  tie  in  the 
tame  Mtraight  line  pauing  through  the 
nmimit  of  the  angle. 

By  the  preceding  theorem,  the  diag- 
onal B  C'  of  the  complete  quadrilateral, 
BAB'C'CO,  is  divided   harmonically 

at  D  and  E.  Hence,  0  A,  O  P,  0  D,  and  O  Q,  form  an  harmonic  pencil.  So 
do  0  A,  O  P,  O  D',  and  O  Q.  Therefore,  the  lines  O  D,  O  D',  coincide.  So 
for  the  other  intersections. 

If  the  point  A  moves  on  O  A,  the  line  0  D  is  not  displaced.  If,  on  the 
contrary,  0  A  is  dteplaced,  0  D  tnms  around  the  point  0.  Hence,  the  point 
A  is  said  to  be  a  pole  with  respect  to  the  line  0  D,  which  is  itself  called  the 
polar  of  the  point  A.  Similarly,  D  is  a  pole  of  0  A,  which  is  the  polar  of  D. 
O  D  is  likewise  the  polar  of  any  other  point  on  the  line  O  A ;  and  this  prop- 
erty is  necessarily  reciprocal  for  the  two  conjugate  radii  0  A,  O  D,  with  re- 
spect to  the  lines  O  P,  O  Q,  which  are  also  conjugate  radii.  Hence  ;  in  every 
harmonic  penoil,  each  of  the  radii  is  a  polar  with  reapeot  to  each  point  of 
its  coqjngaie ;  and  each  point  of  this  latter  line  is  a  pole  with  respect  to  the 
former. 


F:a  <Vl. 
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PROBLEMS  IJV  FIELD-WORK. 

The  following  problems  in  field-work  vn  arranged  for  students,  and  ant 
iotcnded  as  a  suggestion  to  instructors,  who  can  extend  them  to  suit  tho 
needs  of  their  classes. 

Students  should  keep  full,  plain,  and  accurate  notes  of  all  field-work. 
These  notes  should  contuo  concise  descriptionB  of  the  methods  used,  and  the 
results  in  plats  or  tabular  form  when  practicable. 

Record  should  also  be  made  of  dat«s,  names  of  helpers,  nature  of  ground, 
weather,  and  any  other  circumstance  which  may  influence  the  accutac;  and 
reliability  of  the  work. 

The  numbers  given  in  parentheses  in  the  problems  refer  to  articles  in  Sur- 
vey log  and  Leveling. 

CHAm-a  CB  vETCf a. 

1.  Throw  out  and  do  up  a  surveyor's  chain  and  a  steel  tape.     (81.) 

S.  Estimate  the  lengths  of  several  given  lines,  such  as  the  length  or 

breadth  of  a  building  or  the  distance  between  an;  two  convenient  points. 

Measure  the  same,  and  note  the  discrepancies  between  the  estimates  and  the 

measured  distances.     (18-20). 

3.  Locate  two  points  by  one  of  the  methods  of  determining  the  position 
of  points  and  measure  the  distance  between  them.  Destroy  the  points  and 
relocate  them.  Measure  the  distance  between  them  again  and  note  the  re- 
sult.    (8-^.) 

4.  Lay  out  one  hundred  feet,  and  ascertain  by  repeated  trials  the  number 
of  paces  in  that  distance  at  an  ordinary  natural  walk.  When  this  has  been 
determined  satisfactorily,  pace  off  a  distance  of  one  hundred  yards  several 
times  and  assume  the  average  as  the  correct  distance.  Then  measure  ofi  the 
one  hundred  yards  with  a  tape,  and  note  the  error  of  the  average  and  of 
each  separate  estimate.     (39.) 

5.  Drop  a  pin  from  a  fixed  point  to  the  ground.  Try  it  point  down  and 
head  down,  and  record  in  each  case  the  distance  it  strikes  away  from  the 
true  point  on  the  ground  as  determined  by  a  plumb-bob. 

6.  Measure  with  a  link-cliBin  the  distance  between  two  designated  points 
which  shall  be  at  least  ten  chain.i  apart.  Use  only  four  pins  in  this  prob- 
lem, so  that  there  will  be  at  least  two  tallies.     Measure  from  the  first  to  the 
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■econd  point,  and  then  from  the  second  to  the  first.  Repeat  these  measure- 
menta,  the  head  and  rear  chain-men  changing  positions,  thus  obtaining  four 
results.  Note  the  distance  along  the  line  to  an;  object  of  interest,  as  a 
bridge,  fence,  or  tree,  and  indicate  the  poeitions  of  tb^  same  on  the  Bketch. 
(IS),  (30),  (138),  (189),  (83),  (84.) 

7.  Measure  the  distance  between  two  designated  points  with  a  steel  tape. 
Drive  a  stake  at  the  end  of  each  tape  length,  and  also  at  some  even  foot- 
mark on  the  tape.  Hark  each  measurement  very  carefully  on  the  top  of  the 
stake  with  a  pencil.     Repeat  the  measurement  as  in  Problem  6. 

8.  Measure  a  line  several  chains  in  length  on  sloping  ground,  first  b; 
plumbing  down,  and  then  measuring  directly  along  the  surface.  Compare 
the  results.     (20.) 

8.  Testing  Chain  or  Tapt.  With  the  chain  or  tape  lying  flat,  measure 
the  difference  between  it  and  the  Htandard,  pulling  to  tensions  of  twelve, 
sixteen,  and  twenty  pounds.  Hold  the  chain  or  tape  over  the  standard  and 
project  its  length  upon  the  standard  by  means  of  plumb  bobs,  and  note  the 
distances  indicated  by  tensions  of  twelve,  sixteen,  and  twenty  pounds. 

10.  Lay  out  a  line  one  hundred  and  fifty  feet  long,  and  at  one  end  of  it 
erect  a  perpendicular  by  the  method  of  Articles  109  and  110.  Extend  the 
perpendicular  one  hundred  and  fifty  feet.  Measure  the  hypotenuse  of  the 
triangle  thus  formed  and  compare  the  measured  length  with  the  computed 
value  of  the  hypotenuse  of  the  right-angled  triangle,  whose  base  and  alti- 
tude are  each  one  hundred  and  fifty  feet. 

11.  Erect  a  perpendicular  from  a  given  point  to  a  given  line,  the  point 
being  more  than  one  hundred  feet  away  from  the  given  line.  Test  as  in 
Problem  10.    (108-130.) 

13.  Lay  out  a  square,  beginning  at  one  angle,  measuring  the  sides  and 
laying  out  the  angles.  Make  the  sides  not  less  than  two  chains.  Note  the 
error  of  closure, 

18.  Lay  out  two  parallel  lines;  extend  them  about  five  chains,  and  teal 
by  measuring  the  perpendicular  distance  between  their  extremities.    (121.) 

14.  Measure  a  line  one  end  of  which  is  visible  but  supposed  to  be  inac- 
cessible, and  afterward  test  the  computed  length  by  measuring  it  directly. 
(149,  150.) 

IB.  Prolong  a  line  in  azimuth  and  distance  past  an  imaginary  obstacle — 
first,  by  rectangular  offsets  (180),  second,  by  an  equilateral  triangle  (131). 
Sxtend  the  resulting  line  in  each  case  back  over  the  imaginary  obstacle,  and 
note  the  amount  by  which  it  varies  from  the  original  line. 

16.  Locate  two  points  several  hundred  feet  apart  so  that  a  wood  inter- 
venes to  prevent  one  being  visible  from  the  other.  Establish  stakes  at  dis- 
tances of  one  hundred  feet  on  the  line  joining  the  two  points.     (14S.) 

17.  lay  off  lines  making  angles  of  15°,  80°,  45°,  60°,  75°,  and  BO"  from 
a  given  line  at  a  given  point.     (28.) 

IB.  Locate  permanently  an  irregular  pentagon  whose  sides  are  about 
three  hundred  feet  in  length.  Measure  all  the  angles  by  the  method  of  Ar- 
ticle 38.  Measure  the  sides.  Assume  one  side  as  meridian,  and  from  tbe 
measnred  angles  compute  the  corresponding  bearings  of  the  other  sides  and 


idbyGoOgIc 


418  AFPENDIX  C. 

the  latitude  &nd  departure  of  each.     Put  the  reeultfl  in  the  tabular  foim  of 
Article  248. 

16.  Heasure  the  area  of  the  pentagon  of  Problem  18  by  peipendiculara 
and  diagonals.     (83-93.) 

COXPABS-eilBTKTniO. 

20-  Set  up  the  compass  at  any  point,  read  and  record  the  declination, 
and  talce  the  bearings  of  any  four  well-defined  objects.  Then  change  the 
declination  slightly,  record  the  reading,  and  again  take  the  bearingB  of  the 
four  points.  Take  four  such  sets  of  readings.  From  each  set  of  bearings 
thus  obtained  compute  the  angles  between  the  four  points,  and  compare 
the  results  by  placing  them  in  tabular  form. 

21.  Det«rmine  the  declination  of  the  needle  by  taking  the  bearing  of  an 
established  meiidian.     (260.) 

22.  Run  out  a  line  of  constant  bearing  for  a  distance  of  half  a  mile,  set- 
ting stakes  every  two  hundred  feet.  Let  the  rodman  pace  the  diatancea 
between  the  staUons.  Avoid  setting  the  compass  near  any  thing  that  would 
be  liable  to  attract  the  needle,  and  take  a  back-sight  whenever  local  attrac- 
tion is  suspected.  After  completing  the  line,  run  back  over  it  again  by  the 
reverse  bearing.  The  rodman  will  note  the  discrepancy  at  each  station 
between  the  old  and  the  new  stakes,  and  then  destroy  the  old  stakes. 

23.  Hake  a  chain  and  compass  surrey  by  progression  (166).  Select  an 
area  bounded  on  one  side  by  the  edge  of  a  bank  or  by  a  stream,  and  run  a 
meander  along  the  same,  choosing  the  stations  so  as  to  inclose  all  of  the 
desired  area.  The  sketch  should  be  drawn  as  nearly  t«  scale  as  possible, 
and  should  contain  information  concerning  all  the  features  of  the  ground. 
Put  the  notes  in  tabular  form,  compute  the  latitude  and  departure  of  all  the 
courses,  and  see  that  they  check.     Hake  a  plat  and  calculate  the  area. 

94.  Measure  a  line  along  the  surface  of  a  sloping  tract  of  ground.  Meas- 
ure the  slope  with  the  tangent  scale  of  the  compass,  correct  for  the  slope, 
and  test  the  line  by  the  ordinary  method  of  chaining. 

Tsansir-BtrRVBTiNO. 

25.  Set  up  the  transit  at  any  point,  and  measure  the  angle  between  any 
two  well-defined  objects  by  repeating  the  angle  five  times,  as  described  in 
Article  882.  Read  the  vernier,  and  record  the  reading  after  the  first  and 
last  measurement  of  the  angle.  If,  in  repeating,  the  860°  point  be  passed, 
add  860*  the  required  number  of  times  to  the  last  reading.  Divide  the  sum 
hy  five,  and  compare  it  with  the  single  reading  of  the  angle. 

26.  Survey  the  pentagon  of  Problem  16  by  measuring  the  sides  and  inte- 
rior angles.  Calculate  the  bearings  from  the  same  assumed  meridian,  and 
note  their  agreement  with  those  derived  from  the  chun-survey. 

27.  Run  out  a  square  from  one  corner  and  note  the  error  of  closure. 
Make  the  sides  several  hundred  feet  long. 

26.  Repeat  Problem  IS — to  prolong  a  line  in  azimuth  and  distftnce,  using 
the  transit  to  obtain  the  desired  angles. 

26.  Survey  a-seven-sided  field  by  traversing.     (886.) 
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80.  Measure  a  distance  supposed  to  be  inacceaBible  (874),  and  afterward 
compare  reault  with  a  direct  measurement. 

81.  Measure  a  line  one  end  of  ivhich  is  mippoeed  to  be  inacceaeible  (878), 
and  then  check  tbe  result  b;  direct  measurement. 

82.  Tratening  vAth  Stadia  Meamremeat*.  Lbj  out  an  irregular  polygon 
with  sides  from  one  hundred  and  fifty  to  two  hundred  and  fifty  feet  in  length. 
Bead  the  traverse  angles  as  in  Problem  SS,  except  that  in  taking  a  back-sight 
keep  the  telescope  direct  and  change  the  readings  of  the  Temiers  by  180°. 
Read  the  length  of  the  sides  and  the  vertical  angle  both  when  taking  a  fore- 
sight and  when  takinga  back-sight.  Find  the  corrected  horizontal  distances 
and  difierences  of  elevation.    Not«  whether  the  algebraic  sum  of  the  latter 

83.  Measure  a  line  mippoeed  to  be  inaccessible,  and  afterward  check  1^ 
direct  measurement     (881.) 

84.  Test  tbe  adjustments  of  the  transit.     (8S0-83a) 


85.  Bight  to  a  level-rod  held  at  a  distance  of  about  two  hundred  feet,  and 
have  the  rodman  set  the  target  as  directed.  The  rodman  will  then  read  the 
rod  and  displace  the  target.  Bight  again  at  tbe  rod,  again  direct  the  set- 
ting of  the  target,  and  have  the  rodman  record  the  rod  readings.  Repeat 
this  opemtion  ten  times  and  tabulate  the  results. 

86.  Sight  to  a  speaking-rod  like  Fig.  887,  and  have  the  leveler  read  the 
rod.  The  rodman  will  read  the  vernier  at  the  side  at  this  same  setting. 
Have  the  rodman  move  the  front  of  the  rod  up  slightly.  Read  the  rod  again, 
and  have  the  rodman  note  the  vernier  reading  again.  The  difFereuce  be- 
tween the  rod  readings  by  the  leveler  and  between  tbe  vernier  readings  should 
be  the  same  in  each  case.  Make  ten  observations  of  this  kind  and  tabulate 
the  rcBults. 

87.  Run  a  line  of  levels  over  a  series  of  designated  stations,  making  s 
complete  circuit  and  closing  on  the  original  starting-point.  Use  the  third 
form  of  field-notes.     (640.) 

88.  Make  a  profile  of  a  designated  line.     (540.) 

89.  Determine  the  radius  of  curvature  of  the  bubble-tube  of  the  level. 
(805.) 

40.  Test  the  adjustments  of  the  level.     (518-538.) 

OKITEBAL    PBOBLEHB. 

41.  From  a  point  over  three  hundred  feet  from  a  given  line  let  fall  a 
perpendicular  to  the  line,  using  successively  the  chain  alone,  the  compass, 
and  the  transit,  and  note  the  difference  in  the  results  by  the  three  dtflerent 
methods. 

42.  Select  a  point  from  which  a  series  of  points  ma;  be  seen  in  different 
directions  (such  as  lightning-rods,  edges  of  buildings  or  chimneys,  marks 
on  posts  or  trees),  so  that  a  set  of  adjacent  angles  may  be  measured  which 
will  include  tbe  whole  horizon.    Measure  and  record  these  angles  separately, 
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using  successively  the  cluiin  alone,  the  computs,  aod  the  transit,  and  note 
how  near  the  sum  of  the  angles  in  each  of  the  three  methods  equals  360". 

48.  Measure  the  height  to  a.  window  in  a  building,  treating  it  as  a  line, 
one  end  of  which  is  inaccessible  (Fig.  267).  Let  A  B  in  that  figure  be  the 
doaiied  height,  and  A  C  a  distance  measured  out  from  the  building.  Note 
the  point  on  the  building  where  the  line  of  sight  strikes  when  the  telescope 
.is  level.  This  is  the  point  A.  Measure  the  angle  of  elevation,  A  C  B;  calcu- 
late the  altitude,  A  B;  and  afterward  check  the  rMult  by  measuring  down 
from  the  window  with  a  tape.  It  b  best  to  have  the  distance  out  approxi- 
mately equal  to'the  height. 

44.  Stadia  XtamremenU.  Set  up  the  transit  over  a  point.  Hark  with 
stakes  a  series  of  points  at  distanceB  varjing  from  one  hundred  feet  to  five 
hundred  feet  from  tlic  instrument.  Heasure  the  height  of  the  telescope  axis 
above  the  ground.  Measure  the  distances  to  points  located  in  the  following 
manner:  Have  the  center  cross-wire  near  to  the  point  on  the  board  corre- 
sponding to  the  height  of  instrument,  making,  however,  the  lower  wire  coin- 
cide with  an  even  foot.  This  avoids  the  necessity  of  reading  both  wires. 
Read  the  distance,  then  set  center  wire  at  the  exact  height  of  instrument  and 
read  the  vertical  angle  {page  241).  Reduce  the  distance  bj  (848).  Measure 
the  distances  with  a  steel  tape  and  compare  with  those  given  by  the  stadia. 

45.  Produce  a  line  thrxiugh  a  building  by  pethoda  of  (862),  (S6S),  and 
(S66),  using  the  transit,  and  compare  results. 

46.  Measure  a  line  with  the  gradicnter  (841-34S),  and  check  the  result 
by  measuring  the  line  with  a  tape. 

47.  Brferenee  PomU.  Important  points  on  a  line  should  be  "deter- 
mined "  (2)  by  referring  them  to  points  which  are  reasonably  permanent. 
Then  if  the  point  be  lost  by  the  stake  being  pulled  up,  or  otherwise,  the 
point  can  be  relocated  by  measuring  from  the  reference  points.  Any  of  the 
methods  of  referencing  points  (8-4-3-6-6-1))  may  be  used.  Sometimes  it  is 
best  to  have  important  stations  and  their  reference  points  as  permanent  as 
possible,  but  inconspicuous,  so  that  the  reference  notes  would  be  needed  to 
find  the  points.  In  most  cases  we  may  use  marks  on  trees,  rocks,  etc., 
which  ore  reasonably  near  and  easily  found.  These  reference  points  ore 
sometimes  called  witness  points. 

Reference  a  point  on  a  line  and  destroy  it.  Then  replace  it  from  reference 
points  and  test  the  accuracy  of  the  work. 


A    CODE   OF  aiaHALS   FOR   SURVEYING. 
In  moving  the  hand  to  give  some  of  these  signals  s  handkerchief  may  or 
may  not  be  held  in  it,  depending  upon  the  distance,  etc. 

BT    THE   TBAKSITVAN   TO    THE   RODHAH. 

1.  "Hold  up  ike  rod.^'  Move  the  band  straight  up  in  front  of  the  face 
to  a  full  arm's  length  above  the  head. 

3.  "  JVow  the  rod  to  the  right."  Move  the  right  hand  from  the  shoulder 
out  to  the  right. 
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8.  "Movttherodtotittltft."    Hove  the  left  huid  from  tha  shoulder  out 
to  the  left. 

4.  "  Plianib  the  rod  to  the  right."     Extend  the  right  arm  at  full  length 
vertically  and  more  it  slowly  to  the  right. 

5.  ''Plvmb  the  rod  to  the  left."    Extend  the  left  arm  at  full  length  ver- 
tically and  move  it  slowly  to  the  left. 

6.  "  Wave  the  rod."    Extend  the  arm  above  the  head  and  wave  it  at 
right  angles  to  the  line. 

7.  "  All  right."    Swing  both  arms  from  horizontal  to  vertical  poeitios. 

8.  "  Clear  the  line."     Extend  a  handkerchief  above  the  head  and  swing 
it  down  obliquely  two  or  three  times. 

0.  "Pat  in  itatiim  mark."    Hold  a  twisted  handkerchief  horizontally 
above  the  head  with  both  hands. 

10.  "Separate  your   legt  more."     Step  to  ono  side  of  the  instrument, 
place  your  feet  far  apart,  and  wave  a  handkerchief  in  front  of  them. 

11.  '^ Bring  up  the  rod."    Face  the  rodman  and  hold  up  a  handkerchief 
extended  to  full  size  with  both  hands. 

13.  "  Leave  the  rod  in  line  and  eome  here."    Take  a  handkerchief  in  both 
hands  and  move  it  in  front  of  the  body  from  head  to  waist. 

18.  "  Quit  teort."    Swing  a  handkerchief  in  a  circle  at  arm's  length. 


1.  "  The  rod  it  on  the  itation."    Stand  behind  the  rod,  facing  the  tran- 
sit, and  move  one  hand  up  and  down  the  rod. 

2.  "  lAnetherodfor  attaUon."    Stand  behind  the  rod  and  facing  the 
transit  and  make  no  motion. 

8.  "  Take  nete  nght."    Hold  the  rod  horizontally  above  the  head. 
4.  "Allright.^'    Same  as  for  transitman.     Several  of  the  transitman's 
signals  may  be  used  by  the  rodman. 


BT  THE  LKVBLER  TO  1 

1.  *^  Slide  ^  target  up."    Swing  the  hand  up. 

2.  "  Slide  the  target  dtmn."    Swing  the  hand  down. 

Signals  for  "Ail  right,"  "Plumb  the  rod,"  and  several  others  are  the 
same  as  for  the  tranritnuu. 

Signals  by  the  rodman  to  the  leveler  are  like  those  of  the  rodman  to 
the  tnuaitman,  but  slightly  modified  to  suit  the  conditions. 


A   METHOD   OF   TEACBINO   aURVEYISO    TO   LASQS  CLASBBS. 


In  an  institution  where  surveying  is  taught  every  year,  and  where  notes 
on  triangulation  and  other  accurate  work  are  available,  it  is  adviMbte  to 
have  a  large  map  of  ell  the  territory  necessary  for  the  purpose  of  teaching 
elementary  surveying.  The  most  desirable  location  is  in  the  immediate  vi- 
cinity of  the  institution,  as  all  lose  of  time  in  coming  and  going  is  avoided, 
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This  loss  is  yet^  considerable  nhen  practice  in  suirejing  is  scheduled  for  a 
few  houTB  each  &a,y. 

The  map  should  be  drawn  to  a  scale  of  thirty  or  forty  feet  per  inch  on 
heavy  paper,  which  may  be  shrunk,  and  glued  to  the  top  of  a  large  table, 
where  it  can  be  used  for  several  years  without  being  torn  or  wrinkled- 
Upon  this  map  are  sketched  in  by  the  instructor  all  of  the  main  stations 
which  he  intends  to  use  (or  the  class  in  hand.  The  old  triangulation  sta- 
tions, which  are  accurately  platted,  aud  the  new  stations,  which  are  simply 
sketched  in,  should  be  sufficient  in  number  so  that  each  student  may  have 
a  different  assignment  of  problems  if  it  is  so  desired.  Each  station  is  ref- 
erenced (Prob.  47),  and  the  reference  notes  are  recorded  on  a  board  for  the 
use  of  the  students.  Bach  student  is  assigned  a  de6nite  course  or  field  for 
every  problem,  the  asaignraent  being  made  in  tabular  form  and  posted  for 
the  students. 

A  portion  of  tlte  work;  such  as  observing  angles,  taking  bearings,  etc., 
can  be  done  by  each  student  alone;  and  he  should  be  encouraged  to  do  as 
much  as  pcwsible  in  this  way.  For  those  problems  for  which  the  student 
needs  assistance  he  must  exchange  work  with  some  of  his  classmates.  He 
need  have  no  regular  partner  to  wait  on  or  to  carry  through,  unless  he  pre- 
fers to  do  so.    ^ch  student  is  Chief  Engineer,  except  when  returning  help. 

The  students  should  be  encouraged  to  outline  their  work,  start  the 
sketches,  and  record  their  witness  points,  on  rainy  days  or  at  odd  times 
when  at  leisure,  and  are  given  the  use  of  the  map  in  any  way  they  choose 
for  this  purpose.  When  sufficient  work  has  been  done  to  get  reliable  data, 
the  new  stations,  which  have  been  heretofore  only  sketched  in,  may  be 
platted  to  scale,  the  length  of  each  course  can  be  checked  upi-and  the  areas 
can  be  taken  with  a  planimeter.  All  of  these  operations  are  of  great  in- 
terest to  the  student. 

Field  notes  should  be  kept  by  the  student  in  a  special  notebook,  which, 
in  addition  to  the  blank  pages  for  the  student's  own  notes,  contains  also  a 
complete  set  of  notes  selected  from  the  work  of  preceding  classes,  these 
not«a  having  been  copied,  blue-printed,  and  bound  in  with  the  regular 
blank  pages  of  the  ordinary  field  book.  The  purpose  of  these  sample  notes 
is  twofold;  First,  to  show  the  student  what  he  is  to  do;  and  second,  to 
show  him  how  he  should  keep  the  record.  Pages  from  such  a  Seld  book 
will  be  given  in  connection  with  these  problems. 

Before  students  are  sent  into  the  field  they  should  have  done  some  of 
the  regular  text-book  work. 

The  first  lectures  should  be  concerning  the  field-work.  In  this  way  the 
instructor  can  explain  the  use  of  the  instruments  to  the  whole  class,  thus 
anticipating  the  many  questions  which  would  arise  from  the  different  par- 
ties on  the  campus  when  a  new  class  is  sent  into  the  field.  These  class 
lectures  on  the  use  of  instruments  of  various  kinds,  before  the  field-work 
begins,  make  it  possible  to  use  the  equipment  of  insttuments  to  better 
advantage,  as  the  student  may  begin  with  any  one  of  the  problems  which 
the  instructor  may  select. 
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TOLD  HOTB8. 


The  metbod  sometlmea  employed  of  keeping  the  oiiguial  field  notee  on 
some  scnp  of  pBper,  and  of  uaiiig  the  field  book  only  as  a  copj  to  be  sub- 
mitted to  the  instructor,  is  not  to  be  commended.  Bf  using  a  properly 
arranged  field  book  the  student  knows  definitely  what  he  is  to  do.  He  has 
the  same  general  description  of  the  field  as  has  any  practicing  laud  surveyor 
who  surveys  a  farm;  and,  as  the  surveyor  looks  up  the  records  concerning 
the  property  he  is  to  locate,  sketching  and  noting  OD  bis  field  book  all  the 
information  he  can  find  that  will  assist  him  in  his  work,  so  the  student 
searchei  the  maps  and  records,  and  prepares  his  book  with  dmilar  data. 
Thus  the  student's  field  book  is  first  his  copy  of  the  records;  then  natu- 
nUy  it  becomes  his  observation  book,  his  memorandum  book,  his  calcula- 
tion book,  and  final  record.  It  thus  becomes,  indeed,  a  full  report  of  bis 
survey  at  all  stages  of  the  work,  and  is  in  fact,  as  well  as  in  name,  his 
"Field  Notebook." 

The  following  pages  are  taken  from  a  field  book  arranged  for  the  use  of 
students.  The  left-hand  pages  should  be  ruled  in  vertical  columns  for  the 
records;  and  the  righb-liand  pages  should  be  ruled  in  squares,  so  that 
sketches  of  the  work  can  readily  be  made. 

All  the  notes  of  the  work  should  be  kept  in  free-hand  Qothic  letters,  aa 
shown  in  the  field-book  pages. 

Problems  1  and  S  are  specimens  of  chain  BOrveying.  The  buildings, 
trees,  roads,  etc.,  are  shown  on  the  map  in  the  instructors  office.  The  sta- 
tions inclosing  the  area  to  be  surveyed  by  the  student  are  indicated  by  the 
instructor,  and  the  reference  points  of  the  stations  are  {^ven  to  the  student. 
The  student  then  locates  the  comers  and  proceeds  with  his  survey,  keeping 
his  notes  as  on  pages  4SA  and  426,  and  making  bis  sketch  aa  on  pages  435 
and  437. 

Problems  8  and  4  are  in  the  use  of  the  compaas.  Pull  directions  are 
given  in  the  notes  regarding  the  work  to  be  done. 

Problems  S,  6,  7,  and  8  are  intended  for  practice  in  the  use  of  the  taa- 
dt,  and  Problem  9  is  for  practice  with  the  level. 
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A  DECALOGUE   OP  DOHPTB   FOR   BEGISKEBS   IS   UaiNO 
aUBVEYIlfQ   INSTBUMEKT8. 

1.  Don't  let  the  itutnaaent  too  high.  You  maj  moke  It  difficult  to  see 
through  the  telescope,  uid  the  iDBtnimeiit  may  be  easily  tipped  over. 

S.  Don't  prattiee  aihletiet  on  th^  UveUng  termet.  When  the  screws  turn 
too  hard,  loosen  one  of  them  until  they  turn  eaul; . 

8.  Don't  rvb  the  tdacope  leaeee  with  yovr  finger*.  Use  a  clean  handker- 
chief oi  a  piece  of  chamoiH  skin. 

4.  Don't  turn  the  intbntment  hy  the  teteteope.  If  it  ihoold  happen  to  be 
clamped  there  is  danger  of  throwing  it  out  of  adjustment. 

5.  Don't  lean  on  the  tripod  or  aUow  any  one  die  to  do  to.  It  throws  the 
instrument  out  of  level, 

0.  Don't  plant  tA«  tmbrvmeni  at  if /or  eternity.  It  b  not  necessary  to 
force  the  tripod  legs  very  far  into  the  ground. 

7.  Don't  elamp  the  inttrument  tightly  when  earrying  it.  If  loose,  it  is  less 
likely  to  be  damaged  when  coming  into  contact  with  anything. 

6.  Don't  put  t^  in^rwnent  on  your  ihoulder  in  pairing  through  doort 
or  bmA.  Put  the  tripod  under  your  arm,  and  keep  the  delicate  part  of  the 
instrument  where  you  can  see  it. 

9.  Dont  let  go  qf  the  inttrvment  aith  both  handt  vhen  vnterewinff  it 
fivm  the  tripod.     There  is  danger  of  Its  falling. 

10.  Don't  forget  that  a  trantit  or  a  Inel  U  an  esepmtiee  plaything, 

44S 
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REMINISCENCES  OF  A  SCIENTIST. 

The  Autobiography  of  Joseph  Le  Conte. 

With  Portrait.     i2mo.     Cloth,  I1.25  net 

Professor  Le  Conte  was  widely  known  as  a 
man  of  science,  and  notably  as  a  geologist.  His 
later  years  were  spent  at  the  University  of  Cali- 
fornia. But  his  early  life  was  passed  in  the  South; 
there  he  was  born  and  spent  his  youth ;  there  he 
was  living  when  the  civil  war  brought  ruin  to  his 
home  and  his  inherited  estate.  His  reminiscences 
deal  with  phases  of  life  in  the  South  that  have 
unfailing  interest  to  all  students  of  American  his- 
tory. His  account  of  the  war  as  he  saw  it  has 
permanent  value.  He  was  in  Georgia  when  Sher- 
man marched  across  it.  Professor  Le  Conte  knew 
Agassiz,  and  writes  charmingly  of  his  associations 
with  him. 

"  Attractive  because  of  its  unaffected  simplicity  and  direct, 
ness." — Chicago  Chronicle. 

"  Attractive  by  virtue  of  its  frank  simplicity." — New  York 
Evening  Post. 

"  Well  worth  reading  even  if  the  reader  be  not  particularly 
interested  in  geology." — New  York  American. 

"  This  story  of  a  beautiful,  untiring  life  is  worthy  of  con- 
sideration by  every  lover  of  truth." — Si.  Paul  Despatch. 

D.    APPLETON      AND      COMPANY, 

NEW  YORK.  BOSTON.  CHICAGO.  LONDON. 
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LITERATURES   OF  THE  WORLD. 

EiUci  br  EDMUND  GOSS^ 

Hon.  M.A.  of  Trinity  Collie,  Cambridge. 


A  series  of  attractive  volumes  dealing  u  ith  the  history  of  literature 
in  each  country.  Each  volume  will  contain  about  three  hundred  and 
fifty  iimo  pages,  and  will  treat  of  an  entire  literature,  giving  a  uniform 
impression  of  its  development,  history,  and  character,  and  of  its  rela- 
tion to  previous  and  to  contemporary  work. 


Each    t.2mo,    Cloth. 
A-Off  READY. 
Aadeat  Greek  Literature.     By  Gilbert  Murray,  M.A.,  Professor 
of  Greek  in  the  University  of  Glasgow.     $1.50. 

Freoch  Literature.     By  Edward  Dowden,  D.C.L.,  LL.D.,  Pro- 
fessoi  of  English  Literature  at  the  University  of  Dublin.     $i-5o. 

Modem  Euglish  Literature.    By  Edmund  Gosse.    |i.so. 

Italian  Literature.     By  Richard  Garnett,  C.B.,  LL.D.,  Keeper 
of  Printed  Books  in  the  British  Museum.    $1.50. 

Spanish  Literature.     By  J.  Fitzhaurice-Kelly,  Member  of  the 
Spanish  Academy.     $1.50. 

Japanese  Literature.    By  w,  G.  Aston,  C.M.G.,  M.A.,  late  Acting 
Secretary  at  the  British  Legation,  Tokio.    $1.50. 

Russian  Literature.    By  K.  Waliszewski.    $1.50. 

Sanskrit  Literature.     By  A.  A.  Macdonell,  M.A.,  Deputy  Boden 
Professor  of  Sanskrit  at  the  University  of  Oxford.     $1.50. 

Chinese  Literature.     By  Herbert  A.  Giles,  A.M.,  LL.D.  (Aberd.), 
Professor  of  Chinese  in  the  University  of  Cambridge.    $1.50. 

Arabic  Literature.     By  Clement  Huart,  Secretary  Interpreter  for 
Oriental  Languages  to  the  French  Government.     $1.25  net. 

American  LiteratlU'e.     By  Prof.  W.  P.  Trent,  of  Columbia  Uni* 
versity.     $1.40  net, 

Hungarian  Literature.     By  Frederick  Reidl,  Professor  of  Hun- 
garian Literature  in  the  University  of  Budapest.    $1.50  net. 

Itt  PrefaraliBH. 
Latin  Literature.    Bjr  Marcus  Dihsdalr,  M.A.,  Cambridge. 
GermMi  Literatare.    By  Calvin  Thomas,  LL.D.,  Columbia. 
Hebrew  Literature.     By  Pror.  Ph[uppe  Bkrger,  Instilut  de  France. 

D.     APPLETON     AND    COMPANY,    NEW     YORK. 
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TWENTIETH  CENTURY  TEXT-BOOKS. 

Elementary  Chemistry. 

By  Robert  Hart  Bradbury,  A.M.,  Ph.D.,  Teacher 
of  Chemistry  in  the  Philadelphia  Central  Manual  Training- 
School  ;  formerly  Lecturer  on  Physical  Chemistry  in  the 
Department  of  Philosophy,  University  of  Pennsylvania. 
i2mo.     Cloth,  $i.oo.     With  Laboratory  Manual,  $1.25. 

There  is  no  dearth  of  text-books  of  Chemistry,  but  all  seem  to 
have  fallen  short  in  some  essential  particulars,  and  fail  to  meet  the 
actual  requirements  of  class  work.  This  book  attempts  to  remedy 
such  faults.  It  is,  therefore,  thoroughly  fresh  in  material  and  treat- 
ment. It  is  not  a  compilation  from  existing  manuals,  but  the  result  of 
a  survey  of  the  recent  literature  of  the  science  ;  yet  noihing  has  befn 
introduced  that  has  not  been  tested  practically  in  the  class-room  and 
found  to  be  available.  Special  effort  has  been  made  to  attain  precision 
and  clearness  of  statement.  The  theoretical  and  general  portions  of 
the  subject  are  not  hurled  at  the  student  in  an  overwhelming  and  unin- 
telligible mass.  The  introduction  of  each  generalization  is  deferred 
until  a  particular  case  of  it  has  been  encountered.  Formula;  and 
equations  are  not  introduced  until  the  student  is  able  to  receive  them, 
and  the  atomic  theory  is  reserved  until  the  student  is  able  to  under- 
stand it. 

Nora.— Thij  leii-book  wit  KMcely  off  ihc  pr™  when  ii  wa«  ■dopicd  In 
Sort'  High  School,  New  Vorli  (the  ]ii»si  highichool  in  the  woTld). 
High  .School  of  Commecce,   New  VorV. 
Ensmui  Hall  High  School.  Rnolilyii. 
Hinul  Tialning  High  School,  Prooktyn, 
CcBtnl  Manual  ^nin ins-School,  Philndclphii. 
High  School,  Hartford,  Conn. 

A  Laboratory  Manual  of  Chemistry. 

By  Robert  Hart  Bradbury,  A.M.,  Ph.D.  Cloth, 
45  cents. 

The  laboratory  guide  aims  to  supply  an  outline  of  work  which  can 
be  completed  by  the  average  student  in  one  school  year.  Constant 
questions,  problems,  and  exercises  serve  to  prevent  the  student's  work 
from  becoming  thoughtless  or  mechanical. 

■D.     APPLETON       AND      COMPANY, 

NEW  YORK.  BOSTON.  CHICAGO.  LONDON. 
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LE  CONTE'S  GEOLOGY. 


A  New  Revised  Edition.        New  Data.        Latest  Facts 

Elements  of  Geology 

A  Text-Book  for  Colleges  and  for  the  General  Reader 
By  JOSEPH  LE  CONTE.  LL.D. 

Professor  of  Geology  and  Natural  History  in  the  University  of 
California.  With  upward  of  1,000  Illustrations.  8vo.  Cloth, 
$4-<»-  

BdMon  of  I903.  "Rm^Mfd  and  Tartly  'Rtm^tttn 

By   HERMAN   L.   FAIRCHILD.    B.S. 

Professor  of  Geology,  University  of  Rochester,  N.  Y. ;  Secretary 
of  the  Geological  Society  of  America 


The  best  known  and  most  widely  circulated  work  of  the  late 
Dr.  Joseph  Le  Conte  is  the  "Elements  of  Geology,"  which  for 
many  years  has  been  the  standard  text-book  on  the  subject  in 
colleges  and  universities.  The  work  was  revised  and  enlarged 
in  1896  by  the  author,  with  the  addition  of  new  plates  and  illus- 
trations. A  further  thorough  revision  of  the  book  was  about 
to  be  undertaken  at  the  time  of  the  author's  death.  This  event 
necessitated  other  arrangements,  and  the  work  was  put  into 
the  hands  of  Professor  H.  L.  Fairchild,  of  the  University  of 
Rochester,  N.  Y.,  and  Secretary  of  the  Geolt^cal  Society  of 
America.  The  result  shows  that  Professor  Fairchild  was  emi- 
nently well  fitted  for  the  task.  A  large  portion  of  the  earlier 
chapters  of  the  book  have  been  rewritten  to  bring  the  subject 
into  harmony  with  accepted  facts  and  theories  in  geologic  sci- 
ence at  the  present  stage  of  development. 

D.     APPLETON      AND      COMPANY. 

NEW  YORK.  BOSTON.  CHICAGO.  LONDON. 
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BIOGRAPHY  AND  HISTORY. 


The  Journal  of  Latrobe. 

Being  the  Notes  and  Sketches  of  an  Architect,  Natu- 
ralist, and  Traveller  in  the  United  States  from  1796  to 
182a  By  Benjamin  Henry  Latrobe.  Architect  of  the 
Capitol  at  Washington.  Copiously  illustrated  with  repro- 
ductions from  the  original  drawings  by  the  author.  8vo. 
Ornamental  cloth,  $3.50  net. 

These  are  the  memoirs  of  a  personal  friend  of  the  first 
President  of  the  United  States.  He  was  a  man  of  refinement 
and  great  intellectual  attainments,  a  soldier,  civil  engineer, 
philosopher,  artist,  humorist,  poet,  and  naturalist.  The  book 
is  bright  with  story  and  anecdote,  criticism  and  comment. 

"Benjamin  Latrobe  was  a  man  of  the  world  and  a  clever  commen- 
tator on  what  he  saw  going  on  around  him.  One  of  the  best  pen 
pictures  of  Washington  is  Latrobe's  account  of  a  visit  to  the  Father 
of  his  Country  at  Mt.  Vernon  in  1796," — Review  of  Reviews. 

"  Mr.  Latrobe  was  a  keen  observer,  and  his  notes  of  travel  in  the 
South  are  valuable  in  an  attempt  to  picture  the  life  of  a  century  ago." 

— Chicago  Tribune^ 

"  Benjamin  Latrobe  visited  Washington  at  Mt.  Vernon  and  recorded 
what  he  saw  very  fully.  Then,  late  in  life,  he  went  to  New  Orleans 
by  sea  and  wrote  full  notes  of  his  voyage  and  his  impressions.  Both 
diaries  are  full  of  interest.  Between  them  are  placed  in  this  volume 
papers  relating  to  the  building  of  the  Capitol.  Prefixed  to  the  volume 
is  a  biographical  introduction  written  by  his  son  thirty  years  ago. 
The  illustrations  are  curious  and  interesting." — New  York  Sun. 

"  With  what  has  been  said  of  the  volume  it  should  be  evident  that 
it  is  curious,  interesting,  and  instructive  to  an  unusual  degree.  To 
speak  of '  The  Journal  of  Latrobe'  without  mention  of  its  illustrations 
would  be  an  unpardonable  oversight," — San  Fraruisco  Chronicle. 

D.    APPLETON     AND     COMPANY,     NEW    YORK. 
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AN  IMPORTANT  EDUCATIONAL  HISTORY. 


A  History  of  Higher  Education  in  America. 

By  Dr.  Charles  F.  Thwing,  President  of  Western 
Reserve  University  and  author  of  "College  Training  and 
the  Business  Man."     Cloth,  $3.00  net;  postage  additional. 

This  volume,  as  its  title  implies,  is  a  brief  but  compre* 
hensive  history  of  the  higher  education  in  America  from  the 
foundation  of  the  first  college  down  to  the  present  day.  All 
the  larger  colleges  in  each  section  of  the  country — their  incep- 
tion, growth,  methods,  present  positions,  etc.— are  discussed 
fully  and  accurately,  and  altogether  the  work  forms  a  com- 
plete and  authoritative  history  of  the  development  of  one  of 
the  most  important  factors  in  the  advancement  of  the  natiOD, 
the  higher  education. 

"The  President  of  Western  Reserve  University,  a  eraduate  of  Harvard 
thirty  years  ago,  has  rendered  a  gxjod  service  to  ihe  siuaents  of  education,  in 
this  country  and  abroad,  by  the  preparation  of  an  historical  volume  which  is 
full  and  comprehensive.  .  .  .  The  supporters  of  superior  education  are  ccrtiunly 
grateful  to  tne  author  for  bringing  together  such  a  mass  of  details  on  this 
important  subject." — New  York  Evening  Post. 

"  The  book  has  a  very  distinct  character  of  its  own  :  first,  it  does  not  contain 
an  uninteresting  page ;  the  reader  who  takes  it  up  is  likely  to  read  from  page  to 
page  and  from  chapter  to  chapter  until  he  reaches  the  end.  .  .  .  The  book  is 
conceived  and  executed  in  a  large  and  generous  spirit,  combines  accuracy  and 
interest  in  an  unusual  degree,  and  is  a  notable  addition  to  the  literature  of  our 
educational  history." — The  Dial. 

"This  is  the  first  adequate  modern  book  on  higher  education  in  America 
that  has  appeared,  and  it  is  aiso  President  Thwing  s  best  work.  It  is  good 
history,  good  literature,  and  good  professional  reading." 

— Boston  Journal  of  Edueatiint. 

"  A  careful  and  comprehensive  history  of  higher  education  in  America,  which 
will  till  a  permanent  place  in  the  literature  of  educational  subjects." 

— Boston  Evening  Transcript. 

"The  history  is  the  result  of  persevering  research  and  careful  study.  It  is 
judiciously  arranged  and  admirably  written.  Undoubtedly  the  book  will 
immediately  take  its  place  as  a  standard  presentation  of  an  important  and 
difficult  subject." — Cleveland  Plain  Dealer. 
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